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PREFACE. 



lEE Editions of tliia TVorlc, each of the two last 
xmsiderflbly enlarged upon the other, having been 
[isposed of, and that, too, much more rapidly than 
lad been anticipated, the Author has great pleasure 
] submitting another Edition, still further enlarged, 
Dd, as he also flatters liimself^ greatly improved in 
lany particulars ; for as time proceeds, experience 
od knowledge is gained. 



^The design of the Author from the first has been, 
^nneans of homely hngua^ accompanied with 
imiliaj and practical illustration, to instruct those 
who are entrusted with the care and management of 
tteam Engines in the use and advantages of the 
Uetsm JEngme Indicator — it being alone through 
he instrumomtality of that unerring test, that they 
an ascertain with certainty whether they are 
eiiving the greatest amount of practical advantage 
rom the eeveral quantities of impulsive power they 
generate and apply. Interspersed with these 
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M$tvea 

toshewliov praetical m p t o r e g i^ tti in the 
sort Steam Kwgin#* joaj be ejected u iztUe 
Oe gnit MAin^ of fbd. ad the 
flf tte motiTe 
of fnanifrtt importsnce to tks 
Steam. Engines, an*l of ■dranta^e to the 
ftminwT. The ff rfrraww iB c wtiwl m this Wii 
hsie been arnred ac from uhauialiua and stqify, ; 
m tte doM^ bat in company vith tlie ^eem 
Bi ita TBrMffw ifaecs sad fltffnt*ffwii * sad 
Che woe theoRBt, «r the **■— ^ifi.* liteEnj 
m^ object to t&e phin and amfka ■aana^ ia 
the diSttettft tofaes desonted on is treeted, the. 
n MBvnd, finxn the did^nitKs which m the 
penod of his own experience he himsetf 
contend with and of er come, that hia 
pii o u i bi i n k Oe best that he could poaaihfy 
adopted fijF the accom^fiAanA aC hia maan ol 
ni imdiTffaihing the Wock — the inafcncftioa of 
pBSlMU tntbuff 

Th« oBctiain of iba Wmk devoted to Urn 

\ mvm flr Stsjui and the CoatrovaausG 




Steam EucrNEa, ivith the examples adduced, shew 
liow these are to be effected in the most available 
maDner with the best practical results, and will, it is 
bolicved, be found to be of value to those for whom, 
ihey are designed. There have been widely different 
opiziioas amongst En^eera on this subject, and 
particttlarly on the proportions of eylindera to each 
other, according to pressure. The Author knows of 
nothing hitherto published wliich imparts the infor- 
mation on these important subjects he has here 
endeavoured to convey. Yet these are the real ques- 
tions of the day — the main direction in which further 
improvement of the Steam Engine is to be sought. 
Economy in the worldng of the Steam Engine is 
known to be in the application of lugh pTeMures, 
The liigher — within the limits of safety— we can get, 
the more economical. To obtain tlie whole benefit of 
high steam, we mast apply the principles of Expan- 
sion and Compounding, beginning with the lughest 
pressure of steam we have, and parting with it at 
the lowest possible pressure. How this is to be 
accomplished with practical advantage, the Author 
has endeavoured to indicate. 



The Examples given from various Engines will 
found useful to working Engineers and proprietors | 
Steam Engino9| for comparisons. They will also, i1 
hoped, serve as a m.ean3 of stimulating to a sense 
tho importanoo of keeping pace with the improi 
monts of the day. 



Tho Tablos appended to tho Work willj it is 
beliCTod, be found to be of serTice to the practit 
Enginoor, aiding him in his caiculations for varic 
matters eonneeted with the Steam Engine and 
working. In those Tables, and, indeed, throught 
tho "Work, decimals have been, to a great exi 
dispensed with, and also fractional parts, with tl 
exception of those expressed by the common signs 
J, I — tho calculations when ao reduced and expres 
being near enough for all practical purposes, 
more intelligible to a large portion of the class 
whom the "Work is designed. In fact, throoghol 
tho treatiao, the aim of the Author has bcentooxpi 
himself in simple phraseology ; and though his pi 
duction may not possess the charm of literary eml 
lishmcnt, ho trusts that it may be found at least 
possess the merit of perspicuity in the treatment of i 



dry subject, and to be of practical utility. Tho rapid 
sale of three Editions, and the urgent call for anotlicr, 
Justi&ca the last conclusion, without it is hoped, tlie 
ipvaranoe even of presuiziptiou. 



The commendatory opinioas expressed to the 
Author by mdividuals of eminence in the Engineer- 
ing profession, and by distinguished owners of the 
most powerful and best wrought Steam Engines ever 
constructed, regarding the manner in which he has 
imparted information and convey .1 instruction on a 
subject which concerns the nntional well-being, has 
been to him a source of high gratification. If what 
he has done in this direction shall in any degree he 
—mstnunental in adding to the value and efficiency of 
^^uo groat motive-power of our manufactories, mines, 
^bip«, and railroad locomotion, he will feel himself 
amply rewarded by the conscious satisfaction that his 
endc&Toora to that end bare not been in vain. In 
tbAt spirit ho has laboured to make himself practically 
acquainted with the important and additional facts 
hieb he here ventures to lay before those interested 
the economical and efQcient working of the Steam 
ine, with such observations upon, and deductions 
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from those facts, an to him seem necessary for a 
popular understanding of the subject ; and in that 
spirit he leaves what be has thus attempted in the 
hands of the parties for whose benefit the Work is 
intended. 

BRTTiNSIA WotlKS, 

IIODDEKsriKI.D, Jaw., 1863. 
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THE 



STEAM ENGINE INDICATOR. 



HISTORY OF THE INSTKUMENT. 



The Instrument known by the name of t!io S/mvi 
ffine Indicator waa invented by thf. celobrated 
Jaues Watt, q man whose name is indelibly asso- 
ciated with the irapi'ovoment of tho Stoam Enf!:inc. 
The goaius of Watt, combined with tho facility 
of practical application posscssod by him in an 
eminent degree, enabled him to become one of the 
I greatest promoters of civilisation, by placing at tbe 
^ command of his spccica a motive power for manu- 
facturing and industrial operations almost illimitable. 
^Jffaring-, by his improvements, created as it were tliis 
r now motive power, — tho Steam Engine, — an. instru- 
I mcnt to enable him to measure the definite amoimt 
f the power of each Engine, and to indicate defects 



cooBtroetion •ar mricing; heeame Co lum 
pensttbte mpiureBiaiC T<» aopply that 
devked vhat at at pment ftiMnra as Ae Sfea 
ikKetit^r, t^r a comi dnaii l u penbi W>it fcepl 
Immrlcrfgrt nf that lueftil antramsnt kk hi m a^lf : 
ksirfaig at loag^ to mmd a i 

working fferoiring opOB tttt ftna of wfavb Watt 
a memh^r, he fa miaha J a aaaafeaai^ wfeoiK he mai 
U> sQfwiatnd tlw ww i tajifc of ttoS ^ta^s^ viliii 
imdiaea&r, teffng yiL rt aw rf lj i a atrart rf fan in 

art of ft-s appltcatinn ; ahew ing faim that hf Hu aid 

could kA the vatres of the Eii^in« ao a* to 

the l^n^i««t eflleet from a j^rea <mmaU,j of ittpubnre^ 

poirer. Ifc mM to thu circum^asKe that the Bngi- 
nemrtng pro^lfittion are indf^bted for this most 
instrnment ; for as will readilj be '"i*ghHH, a knc 
Mge fif the important aid it was i-ftl<HilifctP»t to renc 
to the practical mec^ianlc harin^ been thus imported,* 
It ooold not long be kept KcieC, aa Watt hidj 
hKherto kept it. ■ 

SKnoe tho period wo spoak of, the SUam St^fJne 
In^iotUor has recdved sert^ral minor bat important 
InffrorffliMnta. In prindplc, it is aa it left the haudi 
of Watt : ii Ifl onljr in dciniL where alterations and 
\m^(nnfmfmi% Jwive b«;n made. Mr. Southekx, an 
InHfeniwifl mf>chanic in Mca«ra. Boulton and "VTATr's 
Mrrvloe^ ad(l«Ml the rovolvin^ cylinder with its attached 
pttper swi peneil. In place of the former traversing 
mtird, to enable tho instrument to " register its own 
oWrTntirnm," Sfnne makorfi hare this rcToIving 
vy\'mi\p.T (hitnnhiHl, or iipfirt, from the other portiona <^ 
the InNlruiiK'nt ; but Mrwrn. itopKENsoN 
ricnooi— the test of nil iniprovomcnt. 
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to have Ibc rcTolving cylirdor placed upon the stoam 
cyliniicr of the Indicator, bocauso it is in that place 
the most convenient and firm for the operation which 
has to be performed upon it. The pencil holder 
should be parallel to the cylinder piston, aa by that 
mode the instrument is rendered the most sensitive, 
and, as a necessary consequence, the most correct 
indications are obtained. This improvement though 
a minor one in appearance, will hereafter be shewn 
to be of considerable importance. The difference 
of the indications given by this instrument will 
be shewn by contrasting its diagrams with those 
given by that description of instrument called the 
McNaught, on which the pencil operates at ri|;ht 
angles to the traverse of the piston^ and where 
the revolving cylinder is detached from the body 
of the instrument. It will at once be seen that a 
tremulous or unsteady motion of the pencil on the 
rCToIving cylinder must impart a corresponding defect 
to the diagram, and is therefore calculated to lead to 
erroneous eoncluaions in the modes of valve sotting — 
points of extreme nicety as to the actual condition 
of the Engine, or the minute alterations of its working 
parts which may bo required to secure the greatest 
oiFect witli the least expenditure of power. 

In several other particulars Messrs. HopKiNsoif 
have improved the Steam Engine tndicator for prac- 
tical use. The instruments of their manufacture are 
not flimsy in construction : and care is taken to have 
all the working parts true and accurately fitted, so as 
to produce true and steady motion, with tho least 
possible friction. Messrs. HoPKiNSOH have no hesi- 
tation in asserting that in these particulars the 
instruments of their manufacture will commend 




themselves^ and that the practitioner will find tht^ 
now arrangement both convenient and useful. The 
diagrams takca by the Indicator manufactured by 
the Messrs. Hopkijjson are much larger than those 
usually taken by tlie instrument as commonly con- 
structed, wbilo tbo vacuum side of the diagrams is 
ncTct decreased, whatever the pressure of the steam. 
The inch is divided into tenths on the vacuum side, 
one-tenth representing 1ft. pressure per square inch. 
Tliis scale also applies to the steam side, for low 
pressures, up to 26flls. For high pressures up to 
75Ibs, the inch is divided into thirtieths, one«thirtie 
part of an inch representing Itb. pressure. From 
arrangement, the diagrams are much more reai 
divided and " read off," and the defects in the wor' 
ing of the Engine more clearly shewn, than by the 
ordinary mode. Experience has shewn that the 
working cylinder of the Indicator should be drawn 
out of brass tuhtng. By this method it is much 
truer and harder, and, if the piston be well ground in, 
the working of the instrument will be more accurate, 
and assist the operator in setting his valves with 
greater precision : advantages wTiich. cannot fail to be 
appreciated by those for whoso use and benefit 
instrument has been designed and improved. 



) to 

I 



ADVANTAGES OF 



•HE STEAM ENGINE INDICATOR. 






WiTd the Steam Engine Indicator a person may, 
at any time when his £nglne is in motion, ascortaia 
\c working condition of that Engine — find out its 
fects — measure the power it is exertiug^ascortain 
e difierence of the pressure of steam upon the 
n and within the boiler — andj at crery part of 
e upward or downward stroke, know the exact 
ure of the steam upon the piston at its various 
distances from the bottom to the top, and from the 
top to the bottom : also ascertain the amount of lead 
e valve is working^ with, on the steam and eshaust 
des. The Indicator thus enables the operator to 
calculate with accuracy the pressure of steam exerted 
on the average throughout the whole length of the 
stroke — and learn at what part of the cylinder the 
piston is when the valve opens or closes, and what 
quantity (if any) of expansion he is working with. 
^At one glance of the diagram he will have the 
^fcntcrior — the inner working — of his maehino, laid 
^B>pen as it were to Wew ; its good qualities and its 
^^efeets registcrod on paper by the Engine itself: thus 
dispensing with that' system of guess-work often 
resorted to hy Engineers who pretend to know defects 

knd dcrsmgemonts by the working and beating of the 
Unginc : a kind of fortune telling which many pro- 
rietors of Steam Engm.es have had to pay dearly 
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Without the IndietUor and some experience m 
ute, nnd without a proper knowledge of 
diagram when taken, no man ou^t to be allowed %Qi\ 
alter, or act-up a Steam Engmc to work, or to take i 
tho management of its working ; for it is otherwiie 
impoMible to know anything of the inner working 
of the Engine, excepting &om mere conjecture The 
Indicator is of aa mach importance to the Engineer 
and the proprietor of an £n^e as a mariner's com- 
paaa is to the captain of a ship naTigatin^ (he seal. 
Watt placed the greatest reliance upon this Taloabla 
instrument ; and it is not too much to say that U 
contributed greatly to the aiiooen of his many im* 
proTementa in the Steam Engine. In a condensfaig 
Engine, by means of the Indicator the racuam Ctt 
be minutelir examined and its quality 
The instrument will also shew the exact pressure 
tine of tho steam upon the piston— the opening aod 
donng of tike eshaost — rery important to the proper 
working of the Engine. It will enable the Engineer 
to find the exact quantity of condensing water 
lequinxU according to the tauperature and quantity 
of steam to be condensed. In fact, by judicioos 
obsenration, through the instrumentality of the ItuU- 
caior the working of an Engine may, in most cabob, 
be improved, and the power increased, the quantity 
of fuel being at the same time decreeaed. By means 
of this instrument the proprietor of a mill may asoer- 
tain the whole of the power in operation, and the 
force required to oTercome tho friotion of his Engine 
and madiinery ; or tho power required for any sioglo 
room, or any particular machine or number of 
mochiti'^ Thua, wbe» power is ^ let off," he may 
with 11 ^iim^^ IIm3 value according to 




power required. Ho may also calculate how 
much more power the Engine wiU exert by the 
increase of pressure, or the different degrees of espau- 
aion, according to the construction of his Engine and 
the other circumstances of the case. An extended 
knowledge of this instrumentt therefore, becomes of 
importance to all connected with the Steam Engine, 
whether as makers, owners, or managers : for by its 
means they may obtain a correct kaowledgc of the 
working condition of every description of Engino, 
and also ascertain how to increase the power of each 
to its extreme limit of capability, with the least 
expenditure of fuel. 

In the pages which follow, a popular description of 
IMft important instrument will be aimed at, that 
explanation being accompanied with examples and 
diagrams, to illustrate the working of the Steam 
Engine. Rules and tables to calculate the diagrams 
wiU also be given. In those rules and tables Algebraic 
signs will be avoided as much as possible. Men who 
have to manage the Steam Engine are not always 
conversant with Algebra ; and our object is to make 
tho roles wo give, plain and simple — such as can bo 
understood oven by the commonest apprehension. 
Those more conversant with figures can exercise their 
own method of calculating ; and although they may, 
if they please, calculate fractional parts, in practice 
the simple rules will be found eq^ually efficient. 



DKSCRIPTIOX OF 
THK STEAM EXGIXE INDICATOR, 

AS 3U5TXiCTrSKB IT 3B9DS. HOPKIMSOX. 



pLAXV n. ts sn a t g t m i ed Rpreaentation of the 
JrffCMfar, with the additjona *nd iinproTeni£nts made 
by Messrs. Hopeeiesox. The ph^ a, screws into the 
rylinikv eonr, or ^rmse ta^ The tap a, forms a 
commnuntian bw ise tt tlw ^ti»iar of the Indicator 
and the cyHadir of tte S i fli B U b Tliere is a small 
hole in the side at the ta|i^ vhidi opens into the tap- 
pfa^ ; and when the tap is open to the cylinder of 
the StfiAm Engine and the ImdJemtar^ this small huAe 
is closed by the plosf being timed irith its perfect 
side against tho hole. HThen tt» tap is dosed, the 
coimoction iritb the Engine crlinder is cat off. The 
small hole in the tap is then open throogh the plug 
to the cylinder of the Indicator^ so thst any steam 
rcmainiog between the piston of the ludicaior and 
the plug of the tap may escape into the atmosphere, 
and allow the pencil attached to the piston of the 
Indicator to settle down to the atmospheric line. The 
cylinder of the Indicator is fitted with a piston, the 
rod of which is shewn at k. This piston is accurately 
gi-ound into the cylinder, thereby avoiding packing; 
and, when properly oiled and cleaned, it is steam-ti^ht, 
I very high pressures, where perfect tightness 
' as any tmall portion of steam whica 



may escape cannot ftlTcct the Imlk of the pressure in 
the cylinder. From this construction, the pmton 
works freely with little friction. The ]>is|on rod R is 
attached to the spiral spring s, within the tuhe or 
casing p, placed aboTe the steam-cjlinder of the 
instrument. This spring is so adjusted, that when 
the piston index is forced one-tenth of an inch above 
the atmospheric line 0, marked on the scale e, it 
represents lib pressure of steam. The pointer forced 
upward each tenth of an inch, up to 25 tenths, x\ill 
represent as many ibs pressure to the square inch. 
In the same way, when the vacuum is formed in 
tho Engine cylinder, the spring will be distended 
by the pressure of the atmosphere upon the upper 
side of the Indicator piston, and tho piston will be 
forced dowiucanl as many tenths of an inch as the 
degree of rarity, or the quantity of steam extracted 
from the Enn^ne cylinder in lbs per square inch 
below the pressure of the common atmosphere. 
Affixed to tho easing there is the scale e with the 
atmospheric line 0, in the centre. The tenths below 
to 15, indicate the vacuum ; and above to 25 
tenths, the stoam pressure above the atmospheric 
pressure. The pencil-holder o is attached to the 
piston rod b through an aperture cut in the casing f, 
to allow the pcncil-holder to move up and down with 
the piston rod of the Indicator, The pencil can bo 
screwed backward or forward to obtain the exact 
length required, and is adjusted by a spring to allow 
it to accommodate itself to any little incqunlities 
there may be on the revolving cylinder or the paper. 
In all cases a soft and good pencil should be used. 
Tho less the pressure upon the paper, the less (ho 
resistance to the free action of the piston i is tho 
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linder aoteiile the earing r. Thu cylinder 
on ita own sxu. Tba psp>r (>■ which 
» to be taken is ftxRd uoimd this cylinder, 
tad Md ia ito plftce bj the dip J. On the bottom oCl 
the c^^faidv tfaera is acocd roond the pulley k, wbicii,] 
aJler p— i"»f over the swivd polley a, is then attadiedj 
to the fadia»-bar of the Eneinc It will be obrioos 
ihafc ike tnnne of the ndxns bar will pull the! 
^ Ha Jf t ID fiv roond a» the string thus travels, j 
On tb« relaxation o^ the string, caoied by tbej 
descent of the Engine piston, the poUejr will agua | 
fake ap the cord, be cause an internal spring, aimitar 
to the spring of a s^ winding up measuring tape, ia 
fif i pl oe ed in the rerolnog cylinder. The trarerae 
tho Eadios bar polls the cylinder one way round, 
md the spring the other. By mean^ of the cord 
aitadwd to th« radius bar of the £n^e, there is thus 
prodoced a regular trar crsing motion of the cylinder ' 

»l ; and as the pencil presses at the same time against 
ihc paper affixed to the cylinder, and also mores \xp 
and down with the ItuUeator piston, which piston ift 
propellod by the same force m the Engine piston, the 
p«cil will describe a diagram according to the cir 
<5nTnjitances. Tho area of the cylinder of the Indi-\ 
(iiiloT is fl qoartfir of a square inch ; and each tenthj 
of An Inch on the index represents lib. pressure tol 
tJio ttqiiarc inch on the piston of tho Engine. Hu 
iprlii« », romprnssed, Bhewft the steam pressure; dis-j 
l(l<Ml, It shuws thd atoiospheric pressure upon the! 
of tli« Jndicaior caused by the formation of] 
tho taouum In tlic Engine cylinder, varying inf 
PjHiordtiiwn with the prcusure oF the uncondensed 
Iff! If-n. in i1tf< fiylinrlor. This spring is ho adjusted 
mxi t-lie rr,iuixomcnt8 of tho pressure as it 
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When the steam exceeds 251hs to the 
luare inch above the pressure of the atmosphere, 
IB an additional spring enclosed in a case for 
igher pressures up to 76fts to the square inch — 
or for a still further increased pressure If required— 
?bicli is to he screwed on to tlie top of the eaemg f. 
additionai spring is represented at m. The 
ftton rod of the Indicator passes up the centre of the 
Iring M, when it is fixed on the top of tho casing f, 
comes in contact with tho top attached to the 
jnd spring — so that instead of the resistance of 
Ij one, there is the resistance of two springs for 
j!i pressure steam. On the scale E, for high pres- 
irc, the distances are marked thirty to the inch, for 
steam ahovc 25tb8 ; one thirtieth of an inch repre- 
senting lib pressure to the square inch on the steam 
lo. The scale on the vacuum side is ten to the 
ih; or one tenth of an inch represents lib pressure 
the square inch, whether with high or low pressure 
im. It should he borne in mind tliat whatever 
lay be the pressure of the steam, high or low, when 
le Engine is a n on- condensing or higli-pressure 
Engine, the vacuum side of tho Indicator is not 
required. 

Means must he adopted to get the proper extent of 
traverse of the cylinder i. If the Engine he of the 
Horizontal or Cross-head kind, sometimes a lever is 
afl5x<>d to the cross-head of the piston, and the eti-ing 

tim the Indicator attached to that lever at the 
quisite distance for the traverse required. Some- 
times a stand with a moveable pulley is fixed to the 
Engine cylinder-cover by one of the bolts, to carry 
string from the radius bar of the Engine to any 
irt of the cylinder where the Indicator may be fixed. 




m pKirided wteh wmtHhafm^ smilar to 
79ft >praig« and sttaclMd to the wtmneDt in 
thti MBoe msaam, Eadi CMe mrJnwng the spring to 
l«n lued hu marked on the outaide the amount of 
tiM! aprini; will work op to* The tneasarin^ 
ieeMnpenpn^ tbe Jmdicator a also ao marked, 
Mf ifgan tafcan by aaj of the three springs can 
Iw mnwurml hy it j thus dispensing with inofe than 
fSrw p</rtalfl<! tunla. The 25^ Rpring U at all times a 
Ixliirr't f^ri(.loiH;(l in Ihc barrel of the iostrnment. The 
\tA.)wT *\tnuffi rc^juirc to Ije attached to tbe prorision 
f»«l4f nt tUiJ uppermost pari of the in&trumcut for 



HOW TO 



^FIX AND USE TUE INDICATOR, 



Bk particular before using the Indicator that the 
[>arts are well cleaned — that the piston of the 
instrument vibrates freely in the cylinder — and that 
all tUo working parts are carefully oiled with cleaa 
spenn oil. If the instrument be now, let it be 
worked a few days ou the Engine, and bo well oiled 
and cleaned three or four times each day. To afllx it, 
first screw the plug of the Indicator into the greaso- 
tap, or into a tap in the cylinder eovor provided for 
the pui-pose : or to the bottom of the cylind6r> into 
a tap there inserted. The Indicator will work hori- 
zontally as well as perpendicularly. When the plug 
or tap is thus fixed, open the tap, and blow the steam 
through^ 80 that any dirt whieh may hare accimiu- 
may biO blown away, instead of being sent into 

c cylinder of the instrument. Then screw the 
Itidicator ou to the plug, or tap. Take one end of the 
string which is wound round the groove of the pulley 
on the bottom of the revolving cylindop, and connect 
it with a string- on the radius bar of the Engine, if it 
be a Beam Engine. If a Marine Engine, or Cross- 
head Engine, attach to some convenient part which 
will give the string the requisite traversing motion, 
which must be from the direct action of the stroke, or 
the piston's traverse. The string muat be so adjusted 
pull round the cylinder of the Indicator only 
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about th iw -fa of tta of a rerolatioii. There is a stop o 
caScb to pRToil tiw cj^tinder being polled round 
£u-. On tbe string to be attacbed to the radius 
there ta a aiiall facaaa plale, called a running loop. 
polling tbk loc^ batinaid or fiivward, the proper 
kngtfa of tbe string may be easOy obtained, without 
detaching ehber from tlie Engine or the Indicator. 
Whea the strings are properly adjosted, unhook them, 
and o^tm the tap betreen the crlindcr of the Engine 
and the crlinder of the JJuUcator to allow the 
£M2£caVor-pis1on to be worked a few strokes, so that 
the temperature of tbe cylinder of tbe instrument may 
be raised to that of the Hngine cylinder. Then affix 
the paper round the moTeable cylinder. Wlien the 
paper ifl properly affixed, close the tap previously 
opened. The piston of tbe Indicator will then settle 
with the index or pointer opposite the Qtmospbcrii 
line 0. Put down the pencil upon the paper, toki 
care that the pcndl does not press too much on the 
paper fixed on the cylinder. By means of the ad- 
justing screw of the pencil- holder, tbe required 
amount of pressure upon the paper can be obtained to 
trace the diagram. When all else is ready, connect 
the two strings together by the hooks on each end. 
The traverse of the string; attached to the radius bar 
of the Engine will pull the revolring cylinder as 
far round as has been arranged for; and its own 
internal §pring will cause it to recede back again with 
the return stroke of the Engine. During these mo- 
tions, the pencil will make a line on the paper round 
the cylinder. Tliis line is called the atmospheric line. 
When that line is well defined, open the tap gently, 
aa to make a connection between the cylinder of 
Engine and the cylinder of the Indicator. The pisto: 
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if the Indicator will then partake of the motion, and 
pravel up and down with the piston of the Steam 
Engine, each stroke of the Indicator being exactly 
that of the stroke of the Engine, both bein^ pro- 
pelled by the same force. By these motions a diagi-am 
will l?e traced on the paper of the revolving cylinder 
by the pencil. Then shut the tap and disconnect the 
cord. Take off the paper, and the diagram will bo 
found delineated thereon. By the aid of the scale sent 
witli the Indicator, or the one affixed to the instru- 
ment, OT by means of a common riile, the distances on 
the diagram from the atmospheric line on the steam 
side can be measured, which will give the exact pres- 
sure of steam per square inch upon the piston of the 
Eng^e. Pursue the same means with the vacuum 
side of the diagram ; and the amount of vacuum 
obtained, and also the quantity of uncondensed steam 
in the cylinder, wUl bo ascertained. 
Thus, every change and every deviation of the 
Engine will bo exhibited, including those of expansion, 
lead, traverse of the valve, and closing of the exhaust. 
Expansion produces to all appearance, an irregular 
or defective diagram, (see diagram No. 3) ; but tliis 
is not the ease, because the diminished pressure of the 
steam at the end of the stroke, or at the termination 
of the piston's descent, is much below the pressure of 
the atmosphere, thereby reducing the steam to a low 
degree, which is more than compensated by the 
saving of fuel. A very little lead of the valve ia 
required, if the pressure he high. A diagram with 
the steam comer rounded, shews the valve to have 
little or no lead, the steam being admitted upon the 
piston easily. A diagram square and pointed, shows 
the valve to have too much lead, — that it opens too 
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f, aJ mittin jy ike lAeam upon the piRion villi 
A a font helbre the crack is in a Iiroperl 
to i«eaif« it. Tlu» will, in movt cases, catueJ 
to tnaUe^ and, bj eooseqaenm, thai 
lOb Too moch rounded at the commenea-j 
■eot it the exhaust comer, ^ews abo a defect Tor I 
«iDt of lead, or a quicker opeoin^ of tLe valve, or< 
loiter Ua T Ma e of the ralre on tbo exhaust side. In 
a great many tnntanoes the steam passages arc too 
snsU. When that U the esse the exhaust Talrel 
oogfat to be follj open when the crank is at the 
plumb eentrcL If the diagram be square at the ter- 
iBJnation of the exhaust, the valro closes too lat& 
It would be better for the Engine were the TalT« lo 
dooe sooner, more particalarly if the speed of the 
Bngmc be great. Then the diagram would shew a 
roonding at the bottom comer, (see diagram "So. Z) 
This is important for the steady working of the 
Scgine — prercntine, in many in&tauces, a rapping 
noise in the centres, which fs often mistaken for loose 
cotters, or steps. The closing of tlie exhaust before 
the termination of the stroke, is called cushioning the 
piston. This will have to >« regulated aocopding to 
the speed of the Engine. Tbo exhaust should be 
closed wlien the piston has to travel one tenth the 
length of the entire stroke. The piston and most of 
the working parts of an Engine having to be rOTeraed, 
require to be brought to a stand before the return 
stroke. The steam left in the cylinder will be eora- 
pressed, and check the speed of the piston at the 
[end of the stroke. The elasticity of the eompressod 
im between the bottom or the top of the cylinder 
id tho piston, is ready, by its force, to commence the 
.return »trok)) with ctisc, preventing an miduo strain 
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npon the Engine. The steam side of the ralve does 
not roquii'e to be as forward as when the exbanst is 
open the full length of the stroke, because the com- 
d steam between the piston and the top or 
bottom of the cylindor, mil act with a force according 
to its compression on the fetum stroke. For a very 
quick speed of the piston the opening on the steam 
side requires to be earlier, and as much steam admit- 
ted before the stroke is completed as will chock the 
speedy and act as a cushion or buffer to the piston. If 
the Talve bo of the D kind, or if a tapplt valve, it 
should be constructed so as to admit the eteam on 
easy, before the valve opens full port. The Engine 
will in that case work much steadier — with less strain 
upon it, Wlicn the steam side of the valve baa too 
much lead, — a serious defect, which will be hereafter 
noticed, — a rapping takes place. This is too often 
the result of imperfect valve- setting, and causes the 
Indicator to rebound by the suddenness of the pres- 
sure upon the piston, giving to the diagram an 
irregular line on the steam side. This irregularity is 
too often attributed to defection in the instrument, 
instead of the renl cause, viz ; — too much load of the 
Talve, and opening too quickly. In the working of an 
Engine, and in the taking of a diagram, care should 
be exercised to ascertain whether any defect of this 
kind exists, or an erroneous conclusion from the 
appearance of the diagram may be the result. 

To enable the reader to understacd more clearly the 
instructions above given, he is here presented with a 
diagram, showing the defects and advantages alluded 
to in the foregoing description. By attentively 
examining its form at the points marked, the reader 
will soon be able to comprehend the subject sufficiently 
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III u\mx u liMlt« HiiitiKir. Ttiis would aUov tbc 
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irtioD to the distance tbe toItb Uad been moved 
d. If the valves are of the kind known as the 
Lppit» th^ can be regulated independently of each 
ither, by the moring of the tappits. 
The diagram beina; divided into ten equal parts, and 
,ch measured by the scale and figured as shewn, the 
pressure of the steam above atmosphere, and 
e amount of vacuum, when added together, will 
ihew the average pressure upon tlie piston at each 
troke. The average pressure as shewn in the example 
21.3l9>s per square inch upon the piston. The 
ttom or under side of the piston should be indicated, 
d the average of the top and bottom taken for the 
can pressure per square inch throughout the stroke. 
This mode of measuring a diagram by dividing the 
h of the figure into ten parts, is the mode 
enerally practised, and is found sufficiently correct 
for practical purposes. AVhere great exactness is 
required, a greater number of divisions can be re- 
sorted tOj and the indication will thereby be tbe more 
exact, especially when the indication is from an 
^Engine working steam expansively. 

In measuring a diagram to ascertain the horae- 
wer exerted, it will suffice to measure the steam side 
and vacuum aide together, and to figure the indication 
accordingly. This rule will apply in all cases except 
when the high pressure spring is required to be used. 
Id the latter case it is absolutely necessary to measure 
the steam and the vacuum sides separately, because 
the high pressure scale is thirty to the inch, and the 
acuum scale only ten to the inch. 



WHAT IS THE 



VACUUM OF A STEAM ENGINE? 



It is essential that we deGno and understuDd the 
VACUDM," a8 commonly applied to the Steam 
iginej (and unless thia bo well understood by the 
leer he cannot clearly understand the Con- 
iBing Engine,) before we eater upon a description 
the diagrams which are hereafter g:iven. The 
Allowing popidar explanation is therefore attempted. 
Steam is an invisible fluid. When ateam, aa it is 
led, is seen like white amoke, it is not ateam, but 
unute particles of water. Pure steam in a glass 
Iocs not shew at all, but the vessel appears to be 
filled with air only. One cubic inch of water con- 
verted into steam at the atmospheric pressure of 
15tbs, the temperature 212", will expand to 1700 
cubic inch eg of steam. If th e temperature be 
increased, the pressure will be increased also in the 
ratio of the temperature. Thus with steam at 251 
degrees, the pressure will be ISIbs above atmospheric 
pressure ; the total pressure 30H>s to the square inch, 
and the buJk 883 times greater than the bulk of the 
water from, which the steam was produced. If the 
total pressure be 601bs, or 45fbs on the steam guoge, 
the bulk will be 470 times greater than the water 
le steam had been produced from. In proportion to 
10 increaae of pressure, so is the density.* 

8m ih* T*bl« «i tli« md of thii wttK showinp "tbi^ Tempgralun of Stcun il 
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The literal meaning of the term " vacuum " is 
unoccupied hy matter. The cylinder of a Steam 
Engine filled with steam vaporised from a small 
quantity of water, cannot be said to be void of 
matter i but condense that steam to its original bulk 
into water, and withdraw this water from the cylinder, 
and the space formerly occupied by the steam will be 
unoccupied. No matter remaining in the cylinder, 
there is what is termed a " vacuum," or a void space. 
We have supposed this operation to have taken place 
under the piston of a Steam Engine, and in that case 
there is no resistance to be overcome in the descent 
of the piston. Tbe pressui-e of the atmosphere alone, 
which is ISibs to the square inch, or thereabouts, 
would suffice to force the piston down with a power 
equal to the degree of vacuum formed, up to the 
limit stated — 15Ibs» if the vacuum be perfect. On 
this principle, the lirst Steam and Atmospheric 
Engine was constructed ; a cylinder with its upper 
end open to the atmosphere ; steam was admitted 
below the piston to raise it, and this stoam being 
condensed in the cylinder itself, by the application of 
cold water, the pressure of the atmosphere alone 
caused the downward stroke, in the manner above 
described. If steam be allowed to take the place of 
the atmosphere, as in Watt's Engine, steam at 
atmospheric pressure will produce the same effect. 
1700 cubic inches of steam, or one cubic inch of 
water converted into steam at atmospheric pressure, 
will have a force sufficient to raise a weight of one 
ton one foot high ; two cubic inches of water, two 
tons ; and each ton extra one additional inch of water, 
converted into steam. One of Watt's first improve- 
ments was, to attach to the Steam Engine a secci 
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tin which to condense tbe stoam. This he called 

'Condenser.'* He also introduced other alterAtiona 

which the racuum was much improved, and the 

.made to answer two purposes. First, by closing 

cylinder with a cover, and admitting the steam 

fceu the cover and the piston, and connecting 

side of the piston with the second vessel or con- 

: the condenser being supplied with cold water, 

steam was admitted at the same time by valvt-s 

ling and closing at each stroke of the Engine; the 

was thus condensed, and a partial vacuum 

led : and thus the power of steam at a pressure 

>ve the atmosphere was made available, in 

titioQ to the pressure of steam below the atmo- 

By admitting tho ateam alternately on each 

le of the piston, after a partial vacuum had been 

rmed in the second vessel, or condenser, and the 

le cylinder, the Engine was thereby made to be 

ible acting, and its power increased in proportion 

the pressure of the steam above the pressure of the 

losphere. 

Steam arising from an open vessel — for instance 
bom the man-hole of a steam boiler — has a force 
greater t han the pressure of the atmosphere, inasmuch 
as it has to displace the atmosphere before it can rise 
above tho surface of the water. The resistance of the 
atmosphere is equal to about 15tbs on the sq^uare inch. 

* varies from iS^lbs to upwards of 15ibs ; on tho 
eragc it is about li^Iba to the square inch. 2.037 
^nches of a column of mercury balances lib pressure 
^B the squaro inch. Therefore, steam enclosed in a 
'*»toam boiler at titba pressure per square inch above 
(he atmosphere, or in other words, at 51b3 on the 
guage, is, in reality, a pressure of 201b8 on the 
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ipposc. All power iu the Stoam Eni^ino is dcrivod 
nn the prossuro of the steam upon tlio piston. If 
be no resistance oa tlie othec side of tho pii>ton, 
wholo preasuro is available; when there is roaist- 
oe, whatever be tho amount, it has to be deducted.- 
.0 available power of steam on the piston is what is 
of the wliolc force when that deduction is made, 
lie tenn " suction " is often used. There is no such 
process in nature, or in mechanics, and the use of the 
term only tends to confound tho practical worker. 
AH power derived from air, steam, or gas, is the 
result of pressure, or density ; and in proporiion to 
the pressure so is the power. 

If 5*3 more pressure to tho square inch be added 
to the SIbs before described, the pressure of tho steam 
above the atmosphere wiU bo lOftis to tbe square incb, 
making only 25R>s as the available pressure, Many 
BQpposc that by doubling the pressure above tho 
atmosphere, or double the pressure on the steam 
guage, they double the power of the steam, and that 
they also double the power of tho Engine. Such is 
not the case. They have only, in the case last sup- 
posed — though tho pressure of steam in the boiler 
above the atmosphere is doubled — added 51bs to the 
20B>s already available. This only gives 25tbs to the 
square inch upon the piston of the Engine in place 
of 201bs, The iucreaeod power of the Engine is as 
25 is t« 20, supposing the non-reaistanee, or in other 
words, tlio vacuum, to be the same. In the practical 
working of Engines, it is seldom that the full pressure 
in the boiler can be brought upon the piston. To 
ascertain tho real pressure operating on the piston at 
any given time, the Indicator has to bo resorted 
to. 




1 



If not 
▼ill be in pro- 
od tike 

of 

tbe CMO 

to boar upon 

to atmospheric 

win not be doablcd, 

tb£ pngsure of the 

79, not twice 45, 

pntial racaum is 

IBb^dc, Bteamai 

th than tbe ■tmoa^cric p: 

a tone eqiul to 421bs per square 

of tho uncondeosed 

to tho Miuarc inch. 




27 



Jm before observed, the one side of a piston of a 
High -press lire Eng^c is open to the atmosphere 
throogh the exhaust pipe, when the steam is exerting 
its force on the other side ; and as the resistance of 
the atmosphere is ISIbs to the square inch, it follows 
that the power of the steam is as its own pressure 
above the atmosphere : or in other words, the 
pressure abOTe the atmosphere is the available power 
obtained in the High-pressure or Non-condensing 
Engine, when the full pressure in the boiler is 
brought upon the piston. 

Tlie steam upon the piston of some Condensing 
Engines, is, at one portion of its stroke, below the 
atmospheric pressure, as may be seen by the dia- 
grams: for instance diagram No. 2. The pressure 
of the steam upon the piston at the commencement of 
the stroke or descent of the piston, is ibr one-seventh 
the length of the cylinder, equal to 32lbs to the 
square inch, or 17Ibs to the square inch above the 
pressare of the atmosphere. The valve is then closed 
and the communication with the boiler cut off, 
and the steam in the cylinder is expanded for the 
remainder of the stroke, decreasing as the piston 
approaches nearer and nearer to the end of tho 
cylinder. Suppose the grease tap in the cylinder to 
remain open during the whole length of the stroke, 
the steam will rush out in proportion to its own pres- 
sure above tho atmosphere, until the pressure is 
equalised. As the piston descends, the pressure of 
stcsm is reduced, by expansion, until it gets bolovr tho 
proesurc of tho atmosphere ; and then the atmosphere 
will rush into the cylinder. At the same time the 
cylinder wiU be full of steam ; (see diagram No. 2, 
where tho steam is reduced to atmost^eric pressure 
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when the piston is at the middle of the cylinder, 

crossing the atmosphorie line). After crossing tho 
atmospiioric lino, tho stoam is not equal to the 
resistance, or the power of the surrounding meiHum ; 
therefore, at one portion of the descent of the piston 
tie steam will rush out, displacing the air for a certain 
distance of the sti'oko from tho top of the cylinder; 
and at tho other portion of the stroke, or of the 
piston's descent, the air will rush into the cylinder, 
when the steam is below the pressure of the atmos- 
phere, and will exert a force upon the piston equal to 
the (lifibrence in pressure between the steam and tho 
ou', because the pressure of the steam in the cylinder 
has been reduced by expansion below the pressure of 
the atmosphere ; but when stoam below the pressure 
of the fitmosphcrc is admitted into the cylinder at the 
commencement of the stroke (seo friction diagram 
No. 3,) the air will ruab into the cylinder at the time 
the stoam from the boiler la admitted, if the grease- 
tap be kept open from the commencement of the 
stroke to the end ; thus showing the Engine to be 
working with steam at a less pressure than stoam 
from an open vessel ; or in other words, steam below 
the pressure of the atmosphere. Were the openings 
sufiiciently large to admit a sufficient quantity of 
air, no steam could enter tho cylinder against the 
superior pressure of the atmosphere. If the steam in i 
the boiler were below the pressure of the atmosphero,^| 
the boiler would soon be filled with air. ^| 

When steam at a pressure above the atmosphere j 
is admitted into tho cylinder (see diagram No. 1,) and^M 
kept up to the end of the stroke, tho stoam would" 
rush out of the grease-tap, wore it open the whol 
length of tho stroke, because the steam in 
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sylindcr has not been reduced by expansion, but has 
o "be condensed m the condenser by an extra quantity 
»f water ; thus giving the air-pump more work to do, 
ind losing a quantity of steam in proportion to the 
iressure. If the steam be reduced to the Lowest 
ira«tical working pressure by expansion, the most has 
wen made of it ; but if not expanded to its full limit, 
lie loss will be in proportion to the amount of pressure 
left in the cylinder preTious to condensation — or the 
exhaiistion into the atmosphere, if a High-pressure 
Engine. 

In a Steam Engine not heavily loaded, working 
with steam below the pressure of the atmosphere from 
khe boiler and in tho cylinder, as in diagram No. Z, 
nrere the safety valve lifted &om its seat, air would 
rush into the boiler, until the pressure became equal 
to the pressure of the atmosphere. Thus air and 
steam would rush into tho cylinder of the En^e 
with a force equal to the pressure of tho atmosphere. 
Aa air cannot be condensed, like steam, the vacuum 
would be destroyed, and tliere would consequently be 
an equal pressure on each side of the piston. Tho 

iult would be a stoppage of the Engine. 



NOMINAL AND INDICATED 



HORSE POWER OF STEAM ENGINES 



The uomiiLal liorse power of a Steam Engino, 
laid down by Jakes WatTj the inventor of 
Steam Engine Indicator, is 33,000fl>s raised ono f( 
hi^'h per minute, or any less weight a proportionab 
greater heig-lit in the same space of time. Upon tiiii 
calculation he defined the power exerted. His first 
premise was to ascertain the average pressure of 
steam upon the piston; and for this, as a standard, ho 
laid down, as a rule, an available pressure of 71T)s per 
square inch. The speed of the piston ho computed at 
220 feet per minute. These in hia day wero ahout 
the average pressure and speed Steam Engines 
worked at. Thus a Steam Engine with a cylinder 
twenty-six inches diameter, vnth an average pressure 
of steam and vacuum* on the piston of 7fbs per 
square inch — when the friction of the Engine is 
deducted — travelling two hundred and twenty feet 
per minute, will ho of twonty-four horse power, or, as 
it is termed, a twenty-four horse Engine. It would 
in fact, ho no more, when worked at the hofore named 
pressure and speed • that is, it could exert no more 
than twenty-four horse power. This then 
nominally, a twenty-four horse Engine ; and w 
the Indicator to ho applied, it would show the 
Engine to be working not more than twenty-four 

• Thii term in htie iiwrl h» in HFncml pnrlnni*: not thtit there it Pf)W»Ti tn 
vikcuuni i but (n nmka thv nils imdcritirod >vinoiijt>i ilim* ivhouw tb« icmi, the popukr 
Ideft im hcrv iulE>p-|cd, 
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^Kailable horse power ; for tlie " indicated " 
power in this case would be precisely the same ^T 
the "nominal" ; via., 33,0001b8 raised one foot high 
per minute. 

The term "iKyminal horse power" is used, because 
we ascertain originally the power of an Engine by 
calculation on the basis above laid down ; and when 
we say " indicated horso power," it is because we 
ascertain the power by meana of the instrument 
known as the Indicator, A horse power, whether 
termed " nomioal " or " indicated," is therefore 
nothing more nor less than 33,000fts raised to the 
height before described — indepondontly of the friction 
of the Engine. 

But let us supose the same Engine to be worked at 

an increased pressure — -say at SOHis per square inch 

average steam and vacuum ; and the speed, instead of 

being two hundred and twenty, to be increased to 

three hundred and fifty feet per minute — (and many 

Engines are worked at the speed and pressure 

here referred to) — the power of the Eagtue would 

be increased to one hundred and sixty-eight horse 

power — or to seven times the amount of the 

"noniinal" designation. Though still "nominally'* 

a twenty-four horse Engine, it would, in reality, be 

an "Engine of one hundred and sixty-eight horse 

power. At the speed and pressure above stated, it 

would indicate that amount. Thus it is by the 

increase of speed and pressure that Steam Engines 

are made to exert more power than they were 

originally calculated for ; or, at least, more power 

than the " nominal " designation. Steam Engines 

arc now made much stronger for the same nominal 

>wer, than in the days of "Watt. "With all Steam 
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tut mok " nominAl " booe power, whaUm the speed 
iit [rraitufe. The rm/ power oxerfted csa onlr be 
lwot^rinin'>(1 t>y the ladieaSor; hinee tlw term "iDdk 

Cftiiul lirtrki' jn»W(!r/' 

Ttili in tlu) •tandord mode of ftsoertaiiung the 
|rtrw«r fur (.'ojidonsing Kn^cs, aa laid down and 
§rtalill*h<ul hy Watt. It is now tmiversally followed 
to Uu^^nvtitn. In a ooso tried at Westminster, where 
pOmr hud iMHjn " let by the horse," it was reforrod 
iu tiiliitrullDni nnd tho qnestion arose "what con 
utituf'p* R hnrw"! |)ow('rV*' After due enquiry, it wi 
loMliy <)Nlit))1t»li(Ml, for tlio first time, that 33,0O0Rm 
riuMd (>n<t IVioi Iiif;li {x^r minute is one horse power, 
tthluh in tht* Simin Ensiuc can only be correcilj 
lOt^rliiftK-d by Ibo ami of iho Indicator. 
Tho Innii " eomnicreial lior.se power," has latelj 
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sn used by some parlies ; and they say one ** com- 
lercial " horso power is equal to three " indicated " 
lowe power. The substitution of the term " com- 
mercial borso power" for '• nominal horse power," 
would appear to be a change without a principle, 
i_calculatcd to lead to endless disputes in the purchase 
if Engines ; because it does not define the diameter 
of the cylinder, as by the present rule ; and it could 
Ifcin no way, that wo can see, bo advantageous. The 
^vule bid down by Watt is correct in principle, and 
^ps so plain and so easy to understand that no change 
is required. 

Non-condensing, or High pressure Engines, arc 
calculated for the " nominal " power by the following 
rule: Eleven square inches area of piston Is one 
*• nominal " horse power. Multiply the diameter of 
the cylinder by the diameter, and divide by fourteen, 
lO quotient will bo the number of nominal horse 
ower. 

A High-pressure Engine, worldng with 4fOlbs 

above atmosphere upon the piston, cut off 

at one third the length of the cylinder, and espand- 

the remainder, the piston travelling 230 feet 

minute, would only exert the power for which it 

*' nominally " calculated, independent of friction ; 

ut take the same Engine and increase the speed from 

20 to 440 feet per minute, — wliich is qiute prac- 

icable in a Horizontal Engine, if the fly-wheel be not 

too large, — the power of that Engine would then be 

doubled, less the extra firiction ; but double the quan- 

ity of steam would have been used. The exhaust 

cam would he thrown away at the termination of 

he stroke at 3^1bs above the pressure of the atmo- 

ihore. Suppose steam were introduced to the same 
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portfaiB. Mem at 40Hm would jwld thirty-^ht 
m hal/ bane fover, wlulit steun ai BOIbs, and cu 

at the mme point, would only yield sixty-six 
half, thw abowing that the iteam baa not been 
A portloD of it ia kat, in caoaeqaeaoo of 
ig expanded to its fall limit, the lost portion 
Moaping into the atmo^herc, Gxertlng a corresponding 
back proMure upon Uic piston. 

nigfa-pretaure En^es work at such raricd pres. 
•ttrea and apoeda, that tbe real power can only be 
aKcrtaincd by the Indicator ; but the " nominal "^ 
|wnY ccui be calculated by the roles before explai^^B 
la tho puu'lmso of a. High- pressure Engine, the hi^^ 
abAiiKl htkvc dcTon squnrc inches area of piston ^lu 
iNW^ "tiondnal" horse po\vor> whatever may be^^ 
•|««<otl or the prcaauro the Eng^ine can bo worked nf. 
VW vmMc ftMt of vator evaporntud per hour is takfin 
^^ W w» ** iKMUinal" horae power, or 1,723 cubic feet 
m| atWMM* at atmo$phorio pressure : the quantity of 
i t H Wfc ttW Mbic foot of water would expand to, fit the 
Wftm MtiRMd. The U3C of High-pressure 
^'^vtli^ bacoMMli gcsieral, — being; now applied 
I ^' - v^ pwrpoao*— tbo author will, in another 

v W <f»lt^ <Ml«r non^ fUlly into cxphuution— prompted, 
[jfcywyirtMWH tbftt thia daaa of Engine and its pre 
ai« oitber ntisunderatood, or that lit 
ta 4«>n«l«d to eonatraot them so as 1 
«s«uU^ltjr,^^^tb«y ar« now so generally adopt 



85 

he cannot but infer that the former is the fact — 
otherwise there is great disinclination on the part 
of the Engineering profession to depart from what 
may be designated a beaten track. 



EXPASSIDN OF STEAM. 
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^■uii |>er tqiure 
^OB tke piftea, it vorid. hepn to decreuc in 
as tbe fiAm vcn fcroed lionrard, till Ibo 
pirtoa readied tbe aid of tbe stnke, when the prcs- 
nue voold be &]fte per eqnan mA. For ono-fourth 
tbe length of tbe cjr&ider, tbe prepare iroold be 35lbs 
per square incb; tbat is, wbik tiie oommumcaUoD 
between tbe buQet and tbe face of tbe piston remained 
open. This oommunication bong (dosed at tbat poidiH 
tbe steam would begin to expand* forcing the pist^^^ 
forward. Wbcn tbe latter arriTOd at balT stroke, or 
at the half len^b of the cylinder, the pressure wou ld ,, 
be 17lB)8 upon the square inch. Mlicn tho pisUfli 
arrived at three-fourths the length of tho cjiindo^^ 
the prewnre upon the piston would bo IS^lhs ii^^ 
square inch ; and at the end of tlie stroke the pressiifl| 
upon tho piston would be Sflbs per squaro inch, or 
^''" !>': inch below the pressure of the 

.Ji - ,..;.• ..,.■ BJcam liavinj; graJu.-ilIy <'xpaiidcd 
luring the tmvi^rso of the piston, from aoihs at 
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coniracnccnicnt and up to one-fourth of that traverse* 
Sown to SJlbs at tlie termination of the stroke, leaving 
only the latter amount of steam to be condensed. 

Expansion is, perhaps, the most cxtrordinary pro- 
perty of steam. Many Engineers have pursued their 
enquiries on this subject with great accuracy by the 
aid of the Indicator^ and they have thereby been 
enabled to obtain great adyantages by reducing the 
oon&umptiun of fuel for the same amount of power 
obtained, within perfectly eafe limits. The merit of 
the discovery is due to Hobndloweb, who, in 1781, 
obtainod a patent for the invention. lie states that 
when steam is con&ied on one aide of a piston, and a 
partial vacuum is formed on the other, the steam will 
move the piston till its force is in equilibrium with 
the iriction and uncoudcnsed steam on the under side 
of the piston, and power is communicated during the 
motion, in addition to the ordinary eifcct of the 
original steam pressure. To apply this powei-, which 
was lQ6t before, Eoenblower used two cylinders in 
which the steam was to act; employing the steam, 
after it had acted in the first cylinder, to operate a 
second time in the second and larger cylinder, by per- 
mitting it to expand. This he accomplished by con« 
ncciing the cylinders together by proper apertures. 
We give his own description in the words of his 
specification : — " I employ the steam after it has 
acted in the first vessel to operate a second time on 
! the other, by permitting it to expand itself, which I 

do by connecting the two vessels togrcther." 

^^The expansive property of steam is strictly 

^bchonical, and is a ])ropcrty common to all fluids, 

AiTi gas, &e. It simply consists in thit; — that vapnuc 

of a given elastic force will expand to certain limits, 
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power. 

of a pi 
tbe dennty 
he M low as that of the nncon* 
of the putoo. 
be obtained 
win htt the wren^e 
Oa U|^at and the lonrt pranore on the piston. It 
■flit also he wafl mderalood, that n u A SAYijii 
sn y«T a aaoip that thai Teanlts from 
a power beiag made arvlaUe which was before 
hj Dsfaig^ the iteam up to its last tmpeUing force, and 
DOt allowing it to empe notfl tbe whole of th^H 
avaOable force is crpaidcd. His aoconnts for soni^^ 
Enginei using more fud and steam than others, 
bettoae the stoam is not expanded to its utmost limit, 
in conseqoenoc of the steam not being cut off bT the 
tbIvo soon enough ; or that the load on the En^ne is 
j(rf»t, and requires the Etcam to be longer on the 
plitdn Iicforo it i« cut olT. If the load on the Engin^ 
i)ti mioh nil to allow the stcaro to be cut off early, a^H 
to dXiHUifl to itw full nvailable limits in the cylindei^ 
tlmn ilii; most will hftv« boon made of it: the higlw 
|irt«itiiiiru OL) the hotlcr tvtll have hecn uaod U] 
Ihtt piiitun, oiiii down to the lowest point. Wc 
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CODtinnod throughout the stroke, an impulse would 
be given to the piston equal to 20Ibs to the square 
inch during the whole stroke; but if the air waa 
allowed to expand, the impulse would only bo as the 
average, or lOlbs. It will be evident, that if in the 
former case the air was suffered to depart from tlie 
cylinder at the same elasticity as that which it 
entered, we should lose the foroe which was necessary 
to compress it to its density; while, by expanding' it 
to its limits, we should apply every part of that force. 
The main spring of a watch actuates its maeliinGry in 
this manner ; an iucreasiBg effort is required to wind 
up the spring, and a decreasing impulse is given back 
to the machinery. But, if after the spring had 
partially uncoiled itself it were then liberated, the 
force which wound it up to its last impelling point 
would be totally lost. So in the Steam Engine : if 
the steam be allowed to escape from the cylinder 
before its force is expended, by expanding to the 
lowest available pressure^ the loss will be ia pro- 
portion to the amount of the pressure not made 
arailable. 

Ha. certain quantity of fuel is required to raise 
^■am to a certain elasticity. If that steam bo allowed, 
Ker having- moved the piston, to escape into the 
atmosphere or condenser without having acted expaji- 
uvely (see diagram No. 1), a portion of the fuel which 
was consumed to raise the steam up to tbat pohat of 
elasticity will have been lost. In one case a given 
bulk of fuel would produce fifty : in the other case it 
would produce fifty, added to all the intermediates 
down to the lowest expansive force. For example : 
diagram No. 1 shows the steam on the piston the 
>le length of the stroke ; and diagram No. 2, the 




sicam cut oflT at one'seventh the length of the etnke 
— the pressure of the stoam tlecrcasm!» as the piston 
advances tho other sis parts of the stroke. In No- 1, 
the steam escapes into the condenser at 25fts pressure 
— lOfea to the square inch abore atmosphere, and in 
No. 2, at 10!bs to the square inch — 51bs below the 
pressure of tho atmosphere ; shewing a loss in No. 1 
of 15ft)9 out of the 2Blbs as compared with No. 2. 
Had tlie steam in No. 1 been allowed to expand as is 
No. 2, less than one-half the steam would have given 
out tho same amount of power. 

By this it will be apparent that the advantages 
arising from expansion increase with the density of 
tho steam. In round numbers, 65 of hi^h -pressure 
steam performs more than seven times the duty of 
25 of low-pressure steam : a fact greatly in favour of 
high-pressure steam and expansion. In Condensing 
Engines the steam expands to half an atmosphere, 
and sometimes below. In Non -condensing Engines 
the steam expands to one or two pounds above 
atmosphere, but often not so low. This entails a loss 
in proportion to tho pressure of the steam thrown 
into the atmosphere. ^M 

In Cornwall the principle of expansion has b^^l 
carried to a most profitable extent. A report made 
in 1788, of the work performed by seventeen Enginea 
of Watt's construction, then working in Cornivall, 
showed that their average duty was 19,569)000ftis of 
water raised one foot hig'h with on© bushel of coal 
O'tlbs weight, which exceeded tho performance of the 
former Atmospheric Engines, in the ratio of 2f to 1. 
Some years after, disputes having arisen as to the 
performance of "W'Arr'a Enginea> the matter was 
referred to five gentlemen, of whom Mr. Davi 
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lEBT was one; and in May, 1798, the aibitera 
10 thdr award. The arorage of twcnfy-fivc 
les was 17j671,OO01bs of water raised one foot 
[b, with one bushel of coal. Since that period, so 
it havo been the improvements resulting in the 
lomy of fuel, that in Decemhcr, 1829, the duty of 
best Engines was 75,O2S,00OH)s of water raised 
foot, with one bushel of coal. Such was the effect 
high pressure, and expanding^ the steam in one 
ider. In 1829, the working of steam by expan- 
sion had been still further improved ; and oxpcrimente 
made by Mr. E. Galloway, Civil Engineer, to test 
the capabilities of Mr. Wilso:n's Engine, at Wheal 
'Xowan, in Cornwall, gave as the result, 127,093,0 28 tbs 
of water raised one foot high, with one bushel of coal. 
In 1841 , other improvements of the expansive 
principle took place. Mr. Sfmms had an Engine 
constructed on IIornb lower's principle, with two 
cylinders, the one above the other — the top one being 
what is termed High-pressure, and both pistons 
attached to one rod. This Engine performed the 
enormous task of lifting 160,721,120tbs of water one 
foot high, with one bushel of coal OGibs weight ; 
under l^tbs per hour per horse power. Since 1841, 
further improvements, by the aid of higher prcssiusss, 
have taken placc^ proving the advantage of high- 
pressure steam and expansion over that of low- 
pressure steam and no expansion, 

The expansive principle propels our Locomotive 
Engines with economy and speed from place to place. 
Tho cost of fuel for Locomotive Engines, at the com- 
moncement of the Liverpool and Manchester Eailway, 
to propel a ton of merchandise one mile, was above 
iwo[>cncc: at the present time it is under one farthing 
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for 
tke stGam, by 
bnuu parting 
L — ^tbe sunB 
beiog Ni 
of t^liaders worked 

of theateun oouM 
tteitnke. 

eooU thus work 
geeai ni e cJi — ^rery adrantageous to screv 
Xbey vonld Dot be so liable to derange* 
and breakdowns as the ptteait Low-pressure 
Bneinea. In obks of danger, the pressure might 
be doubled, and the power of the KTiginc t 
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very much increased — an advantage which would be 
found most beneficial in storms. 

Since former editions of this work appeared, Marine 
Engineers have begun to act on the principles recom- 
mended in the foregoing, and the results have been 
most satisfactory. 



TO FIND THE POWER OF A 



STEAM ENGINE ON THE 



lASlS OF WATT'S DEFINITION. 



DEFINlTtON. 

As before cxplainetl, a nonsE power is tl 
amount of moving force which, besides ovorcomii 
nil friction, will raise 33,0001bs wciglit one foot hi| 
por rainuto : or any smaller wcifj^lit ft proportionate 
greater height in the same time. 

BULK. 

By means of the Indicator, take off a 
diagram when the Engine has no machinery n 
— only the shnfting. DiWdc the length of tin 
into ten equal parts. Measure across the centre of 
wich division by the scale of the instrument, or 
with a common rule. When the numbci" of pounds to 
the inch has been ascertained, write them down on 
each division of the diagram ; then cast them up, 
and divide tho product by ton. If the fi^ro bo 
divided into more than ten, the product must be 
divided by tho number of the divisions on the 
;diBgram. The quotient will be the average prcaso^ji 
]>ourKU upon uach sqirnre inch of tho piston — (^^ 
diagrams Nos. 3 and 2). No. 3 is a friction diaf^am, 
and No. 2 a diagram with the Engine loaded 
maoliinery. It may bo mentioned that the avc 
ription of Stationarv Engines with the shafting, 
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to the square inch, and of the Marine Engines 
IS to the square inch upon the Bngine piston. If 
ictioQ diagram cannot be conveniently obtained, 

above Is the calculation grateraUy adopted by 
^eers, when the available power is required to be 
wn ; but where possible, it is best, for accuracy, 
} a friction dii^^m should be taken. The 
)wing is an example : — 

Pbiction Dxagbah No. 3. 

Taien from th« Top of a Condaumg Engine Cylinder. 
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on the steam side, and one on the vacuum side ; 
, these two will have to be added together to get 

whole pressure. They may be measured at one 
isurement when the steam and the vacuum are on 
tenth scale, which is the case where the pressure 
under 25fts upon the piston. In the case of a 
;h-pressure Engine, there will only be one column 
he steam side. 



RULR TO ASCEUTAXK THE POW 

BBQUniED TO Dim'K AUY QnASTITTT OF 



MACHINERY : OR THE POWER 



THE ENGINE IS EXERTING, 



With the Indicator take off a diagram when the 
loacl is on, or with the raacUinory in operation you 
wish to know the power it will taJtc to drive. For 
example : diagram No. 2 is taken from a Condensing 
Engine with the whole of the machinery in motion, 
helonging to Mr. GK)ADsby, of Manchester, tliat 
Engine being considered a good example of expanding 
Bieam in the cylinder, and abo of the settli 
valves. 

KULE. 



Lin^jl 
squarjj 



The area of the cylinder being given in squat 
inches, multiply by the speed the piston travels in 
feet per minute, and multiply by the available averaga 
pressure in pounds per square inch upon the piston, 
having deducted the friction of the Engine and 
shafting, as below ; tlio multiplicand will give the 
number of available horse power — independently of 
the friction of the Engine — when divided by 33,00011)8. 

By giving the number of feet per minute traversed 
by the piston and the diameter of the cylinder, with 
a diagram, any person, conversant with the use of the 
Indicator will be able at any time to ascertain the 
state of his Engine, and what amount of available 
power it is exerting, or the power for the whole of the 
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nachiaery the Engine is driving, including shafting 
md its own friction. It will not be necessary 
» send for any one to examine the Engine ; the 
tiagram will be quite sufficient to explain its con- 
lition. IFor example, examine 

DiAQRAH No. 2, 
Toiten from the Tap of a Condenutiff Ci/Hmler. 
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4'6 steam. 104 vnciinm. 



10 '4 vacuum. 
4-6 steam. 

Dedact friction diagram ; or 

the power required for Engine 15'0 — the average pressure upon the 
sndshafling .I-Olba piston. 



12'OIba the available pressure upon 
wch square inch of the piston. 
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Multiply twice the length oF the stroke in feet 
by the number of revolutions per minute, the product 
will bo the spped the piston travelled in feet per 
minute. 

EXAMPLE : 

Diameter of cylinder 32 inches;* speed of piston 
in feet, per minute, 340. 

Multiply the i>yliiider'B (jiaiueter 32 

by Ihe dumeter 32 

O-i 
96 



To nscertain the aumbeT of square 10:24 



inches, multiply hy 



-785-1 

409ti 
5130 

81:^2 

7168 



wliich is the decimal itrea 

tirde of «n(j incli,, 10,0W 
I sqiiiLrc inoh. 



Multiply by the effective 
prcBBuro upon tho 
piBton wlieu 
friction of the Eii- 
gino mid SliiJ'tliig 
hafi been deilticteJ - 



804-3'196 squtvK ineti» of tho 
340 Multiply by opoed of 

— 340 feot per niiuiita 

32IC99g-lft 
the 2412748!^ 

27J4-14-8C40 

12 n>e tho ftT^ragc 

prcBaure. 



Dii-iiie hy S,'(000)3281338'3C8t> take off fnur figurpsi, bciug the 

'2Q7W0 ( 99 (IcciDiid figures of 7854 ; amf 

the dividend Si) is the niimbcf 

311338 Df harse-power. 
28 7 000 



!433a towards 33000. 

By the rule given, we find that this Engine was 
exerting ninety-nine available horse-powerj or one 

• To «ve Ite trouble of wiUMing the diameter, nt: Talily of Cirtuniferoncei and 
Attni of Circl™ (in Apprndii), vrhich gitcs tbe aeat a( circle*-, pur iqunni inch, frani 
noa (iiUenth of jiq incli to one liiiiidtcil incbe* dinmctcr ; and (torn Hght fnl in iiicbca 
Id thirty f«i-C in diadncler. In this rnkp, it will l>e fotiud to \n BOi 2496 tquure iofhe*. 




Jiundred and uineteen horse, including friction of 
le and shafting. At the time the diagram was 
ten, it was consuming eleven tons of coal per week, 
icluding steam for mill, &c., with two boilers of 
?airb-virn's patent oval double fii-e-box eonstruction. 
Suppose the eleven tons to be consumed by the 
igine when working sixty hours per week, what is 
le quantity of coal consumed per hour ? 



EXAMPLE : 



loltipl; the hiimber of lioura CO 
hy tlir horec power I'tf 

540 
540 



HSifi houre and horm* power together. 




Iticf Llic weekly coTismnptiou 2240Ite — I tnu. 

of louB iiilD Ba 1 1— the iinniber of tons por WMk. 

)iTide by th« liowe- 

|Miwcr anil the nuro- 5940)24840 4Tt» Snz. Sdr tliP cunmimptinii 
bcT of houre together 23700 per hour per lioree power. 

If we «J(M]iict (be stpnm for 

luUipljr bjr tEie number of oe. 880 liKiting the mill, thia vill k- 

in tlie [wunij 16nz, diicc tlie conaiimptiDii fi»r tlie 

Kni;inf iirthir 4!!e pi.T avnil- 
0280 iiUc-liursi: puWtr, or to 31l« 
6S0 ]HT hour i)rr Jmrac, fur tlif 

Je by tha diTiaor lu ' whole power cipJted. 

brfore 5940) 14080 (2o£. 
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This rate of consumption is under the average of 
Engines expanding; the steam in the same c^*linder al 
a pressure of 30fbs in the lioiler, which is quite as 
luucb as tliis Liuscription of boilor should be worked 
at. The steam in. this Engine having expanded to 
61bs below the pressure of the atmosphere, is better 
used up than iu most cases. Where HonNBLowxa*8 
principle is in operation, with hig^h-pressure steam 
from 60tbs to lOOlbs to the square inch — expanding 
that steam in a second cylinder ; or where there is a 
separate Uigh-pressure Engine — the steam first 
acting in the high-pressure cylinder, and then passing 
to the Condensing Engine (a construction common in 
Lancashire among cotton manufactories), the con- 
sumption of fuel is much less — from 31bs to S^ftis per 
available horse-power pier hour. And in some 
instances, with improved boilers calculated to resist 
high.pressure ■n'itb safety, and with good water, 
the consumption of fuel is still less. But where 
the consumption is thus small, every care is taken. 
The Engine is indicated every day, and the diagram 
put into a book for reference : so that should any 
alteration take plaee jn the working of the Engine or 
the machinery, or even an increase of friction fi*om 
bad oil or other causes, it is easily detected. It is 
fouud out belbic it is visible in the amount of fuel 
wasted ; and instead of the fuel being lost, the defect 
is remedied. Tliis is as it ought to be; and were the 
practice followed up in all cases with the same exact- 
ness as the time of starting anil stopping tlio Engines, 
it would be productive of great advantage to owners, 
and save Engineers many a lato hour now spent in 
the examination of Engines after the work of otiiers 
lias terminated. It is as necessary for an Engines 
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have the working interior of his Engine laid oi)en 
fore him in a diagram taken every day^ as it is for 
him to see the esterior. Such a practice, if regularly 
attended to, Tfould save many " break-dowua '" and 
expensive repairs, besides making the mind familiar 
n-ith the internal working of the Engine. Any 
alteration in the working of his Engine would cause 
the Engineer to reason out the various changes that 
take place from day to day. The advantage would 
become so apparent, that he would continue to make 
improvements in the management and working of his 
Engine, to economise the fuel, and regulate the speed. 
These important benefits could all be attained with 
less labour than is entailed by the hap-hazard and 
guess-work system. 

Were Engineers taught the principles of indicating, 
and the nature of the machiuo entrusted to their care, 
iflnspcctors of Steam Engines and boilers would not 
^m required. These Inspectors are often more con- 
versant with report-making than with the practical 
management of the Steam Engine or boiler. This 
system of extraneous inspection is rctrogade in 
tendency. By its means rcsponsihihty is taken from 
Bte proper parties ujion whom it should he devolved, 
and placed in the hands of an irresponsible body, 
managed according to official routine. Experience 
has proved that this course does not result in 
progress ; for under it there ia the want of 
practical intormation and competitiTe power to stimu- 
late to progressive action. Many Steam Engine 
establishinenis do not possess an Indicator, but 
Kly upon the Inspector, who may call once in three 
Bouths with an instrument — one adopted liy oifleial 
^wwer, small in constructiou, and not very sensitive. 
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To carry one larger would be too burdensome to 
Innpeclor, although it is better calculated to g-iro a 
tliiigTwm that could be properly read. Under such 
drcumstances, the Engineer is left to grope his *-ay, 
—a state of things that may be austentative of 
offlciaU, but it is not advantageous to tbe 
manufacturers or the proprietors of Steam £n 
and it certainly is detrimental to science. 

If tlie amount of money expended in Lan 
and Yorkshire in the formation and sustcntation 
" Associations " to remove responsibility from wUgg 
it ought to rest, had been expended in the scie; 
and practical instruction of the working Engi 
of those two counties, tbe result would have b 
a more valuable and permanent character : for 
latent talent which ofton lies concealed in hu 
positions >vould then have bad a chance of dev 
)ii(?nt. Such a course, nt any rate, ivould liave laiig! 
the working Enginoora, as a body, to understand 
scientific principles as applicable to tbeir art and 
calling; and also enabled them to understand in 
prnctice the motive powor entrusted to their 
They would thereby have been enabled to undcrs 
the force and bearing of "Reports" emanating 
any '* Association^" and practical science would 
hare received a stimulus. Instead of this, howovcr' 
the working Engineer has been considerod to ho only 
a macliine to perform the functions prescribed by 
others, while the " Rcporf'-maker has been clcva 
into the position of '• official " dictator. 



*HE CONSTRUCTION AND ACTION 
OF VALVES. 



[The reader, by tliis time, will have learned some- 
respecting the form and tbe diiferent points to 
understood of a diagram. It lias, therefore, now 
)me necessary to explain the tliflerent forms of 
Ivee used in the working of steg.ra in connection 
Ith the Steam Engine ; and as these parta may be 
dd to be, as in the human frame, the heart of the 
ructure, should the heart be diseased ol- deraug-ed, 
^0 whole of the structure or system will be thereby 
;ted. How necessary is it, therefore, that the 
rm and proper working of valves should be fully 
iderstoud. 

COMMON THREE PORT SLIDE-VALVE, 

I The snnexed engraving, Fig, 4, is an illustration of 

l&team Engine cylinder with a three port slide-valve, 

ithoQt " lap." The arrow at n denotes the admission 

steam into the valve chest, fi-om thenee to the 

^lindcr, and from the cylinder, after having exerted 

force upon the piston, through the valve and 

mst port to the condenser — or into the 

losphere, if a Non-condensing Engine. 

On reference to the illustration, it will be seen that 

^e steam and exhaust ports are of eq^ual dimensions; 

are the thoroughfares to each end of the cylinder, 

E, the thoroughfare for the exhaust steam to 

ipe into the condenser, or into the atmosphere, as 

case may he. 
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The Talve, as now shewn, is attached to the rod c, 

le traverse being attained by means of an eccentric 
other motion from another part of the Eiigiue. 
leai the Engine makes one-half of a revolution, or 

le stroke up or down, the valve changes its position 

3Cordiugly. 

As before observed, the arrow h denotes the steam 
ige from the boiler to the valve chest d. As the 
^alve is shewn, there is a direct opening for the steam 
through the steam way f, to act upon the piston £ ; 
and on the under side A, through the exhaust way P, 
there is a free passage for the exhaust steam into the 
condenser, or atmosphere, as shewn at e. The valve 
being hollow on the under side, permits the egress, as 
shewn. It will be observed that the faces of the valve 
will little more than cover the ports, and this con- 
struction is therefore appropriately termed "without 
cover," or *' lap." 

Suppose then, that the piston had proceeded in its 
traverse to the end of the stroke, the valve would 
also have changed in position and action ; the steam 
firom the steam chest would be admitted at the other 
end of the valve on to the other side of the piston, 
and the steam, which, in the former position of the 
valve, had forced the piston to the end of the cylinder, 
would now be liberated, and allowed to exhaust or 
depart into the condenser, or atmosphere, through g. 
The traversing motion of the valve, which is effected 
by the eccentric, thus changes the application of the 
steam to each end of the cylinder, provides an 
inlet for the steam to the piston, and also an opening 
for exlmustion through the proper channels, after 
power has been exerted, producing a continuous baek- 

rard and forward action of the piston of the Engine, 



60 



this LDstanoe, is already preued up to (ho limit 
aafetjr^ the Engine ocoeeearily oonfiumes a grester 
qnantitjr of fuel tlian it would if the steam could he, 
worked cxpanavely. ^M 

To enable this valve to cut off earlier and vot?* 
frypunKJ tfi'ljr, without adding "lap," would be 1o make 
up part of the thoroughfares at encU end of the valrc> 
box towards the ont«r ed^, and cut away some of thej 
metal in the inside of the ports, so that the 
vould not be mucti contracted. In that case 
valve would cut ofT the steam the same as if it 
"lap." The hollow of the valve would require 
proportionately less, hy being "bitted" in the 
way as the tborouglLfares. This mode is rcsortt 
when the ralvc-box is too short, and where " lap" 
cannot be added to the valve : this is allied " lap| 
the thorougfaferes." 

"LAP." OR COYER OF THBE&PORT BUDE VAL 



of Ihej 
le tn 

1 





Pig. C is a representation of a cylinder and a 
jiort slide valve. The same letters denote the 
parts as in Fig. 4. In this instance the valve is al 
with *' l<tp" or covert so as to cut off the stcni 
work expansively. This latter is accorapUshed 
greater or lesser degree according to the amoui 
" lap" or cover of the valve. It will be observi 
Fig. 6, that the cover is three-fourths broader than 
the steam ports, and being worked by the same 
eccentric, with the same length of traverse, it 
not open the steam port more than one-fourth o| 
width, ■which in some cases would not be sufQcie 
to admit the full pressure of the stoam to the 
piston; but where the ports are of suflieient mdth, 
and a proper pr*jssurc in the boiler, no difficulty is 
experieO'-'*'^ ^y "dtl" ' "" to the valve. 




PiGUHE No. 6. 
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Let us ascertain the effect of this additional breadth 
of valve face. Wlieii the valve edge arrives at the 
port, ready to admit the steam upon the piston, it 
will have moved three-fourths the length of its 
traverse. The remaining distance is the amount of 
opening given for the admission of steam to the 
piston, which wUl not be more than half an inch, if 
the porta be two inches wide : the valve is then 
reversed hy the motion or throw of the eccentric^ and 
it will therefore have opened and closed the steam 
port with one inch of traverse, half an inch each way. 
As this valve is V shaped on the edge, the steam is 
admitted to the piston easily, and cut off easily. This 
is technically termed ** easy steaming." Were the 
Indicator applied, the diagram would be similar to 
diagram No. 7. At the termination of the piston's 
descent, the steam is fully exhausted ready for the 
return stroke. This is called " lead of the exhaust" 
The full length of the traverse of the valve is foi 
inches for one revolution of the Engine. This arra 
ment cuts off the steam at about one-fourth the length 
of the stroke, the remainder of the stroke being 
worked by the expansibility of the steam. Each end 
of the valve is of the same width. 

The ports being two inches wide, require that tl 
face of the valve, with the same traverse, shall be ^\ 
Inches broad, being 1^ inch broader than the width of 
the ports. It will also be perceived that the exhaust 
side of the valve will be three-fourths open when the 
crank is at the plumb centre. By these means tl 
steam in the cylinder is exhausted ready for 
return stroke. The closing of the exhaust is 
efiected much earlier, whereby the uncondensed steasn* 
left in the cylinder becomes compressed towards tl 



ond of the stroke. Tliia in practice is found to act as 
a buffer to the piston, preventing a sudden shock at 
the termination and commencement of the stroke. 
The steam thus compressed is not lost, but gives back 
m portion of its power on the reversal of the piston. 

It is necessary for an Engine running quiekly, 
with rapid reyersala of the piston, that the valves 
should cut off the steam early in the cylinder, and 
the exhaust also close early. The example wo have 
g^ven is considered an extreme amount of " lap " on a 
three-port valve. Other proportions of " lap," less or 
more, follow the same principle ; that is, if the •' lap" 
or cover bo less, the steam will be longer on the 
piston before it is cut off. The opening and closing 
of ihe exhaust will be in like ratio. The traverse of 
the valve may be increased by a new eccentric, having 
more throw, or by moving the rock -shaft stud nearer 
to the centre, providing the valve-box be of sufficient 
len^h to enable the valve to travel a greater distance 
in the same time, by which the ports will be opened 
wider for the admission of steam to the piston than 
with its former traverse ; and the steam will ho cut 
off at the same point as before, because the valve 
travels quicker. This is usually termed "travelling 
over port." 

Thia form and description of the three-port valve 
and slide is principally used for High-pressure 
Engines. Various may be the alterations required, 
according to the width and distance of the ports and 
the length of traverse, which may be either increased 
or decreased, if worked by a rock-abaft. Tlie makers 
of amall Portable Engines will find that attention to 
the form and setting of three-port valves, vdll be 
attended with advantage, by admitting the steam to 



I 
I 




the piston easily. They should also allow plenty of 
room in the thorouglifares, so that in the process of 
cxhaustiou there be no back pre&sure, that the speed of 
the Engine may be increased when more power is 
required. At the Royal Agricultural Show at Leeds, 
1861, there was ohsevaahle a general defect in this 
class of Engines — want of speed of the piston, which 
could not well be increased on account of the fly-wheel 
being^ too large. Defects such as these are serious 
drawbacks upon High-pressure Portable Engines, or 
to Engines of any other form. Attention to balancing 
the working parts of an Engine steadies the working, 
and requires less matter to be put and kept in motion 
to equalise the speed. If the pressure were increased 
firom 451bs to 70ibs or SOtbs to the square inch (which 
might be safely effected with small boilers of the 
portable class), the steam would be used more expan- 
sively : consequently, less fuel would be used, and an 
increased power obtained. "We are aware that thereia 
an. objection to high-pressure steam amongst the agri- 
culturalists ; but how that arises it is difficult to 
understand, seeing that Railway Locomotives work 
eteam at from lOOibs to 150H)s pressure to the square 
inch, with perfect safety,— exerting great power, 
occupying little space. 
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DlASBAH No. 7, 
jFWm a High-premart or Non-oonttetuing Engine. 
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THE D SLttiE VALVE 



This description of valre, which is in very general 
uae for Condensing Steam Engines, when first intro- 
duced was worked without " lap," or extra cover, and 
the valTe-hoxes were generally of such a length that 
they would not admit of the valve traveUing' over 
port, conaequenlly the steam was admitted the whole 
length of the stroke, which caused the exhaust side 
of the valve to he too late both in opening and 
closing. For a long period Low-pressure Engines 
worked in the manner deacribcd ; but as the property 
of the expansion of steam became better understood, 
various methods were adopted whereby the D valve 
could be made to work on the expansive principle. 
It was foimd that hy enlarging the valve-box to allow 
of more traverse, thus giving room for extra "lap," 
the steam could be cut off at almost any portion of 
the traverse. This fact was partially known previous 
to 1841 ; but in that year a Mr. Bould, cotton spinner, 
of Halifax, in Yorkshire, took out a patent for " im- 
provements in Condensing Steam Engines,^" in which 
he describes the D valve, and the mode of *' hipping," 
As it appears from his specification that he clearly 
understood the subject of "lapping" and setting 
valves, extracts from that specification, in his own 
lan<,'uage, will be found of advantage. He says : — 

" My invention relates to t!ie mode of arranging 
the valves (which slide over the ports) of Condensing 
Steam Engines, in such a maoncr that the exhaustion 
port shall be fully open at the time the piston has 
completed its stroke, at cither end of the cylinder, 
and at the same time allow of the steam being worked 
expansively by means of the same valves. • • • 
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In constructing and applying valves to Condeus- 
>g Steam Engines, tbe valves of which are worked 
iy eccentrics, it is usual to form the valves of such 
[imensious that they will only just cover the ports 
>r openings into the cylinder, or only very slightly 
cceed tho dimensions of the port : hence, when tlie 

Ives are moved, the ports are simultaneously, or 
"nearly simultaneously, opened and closed. • • • 
Jy enlarging the size of the slides so that they will 

much larger (at least twice as large as the porta 
they work over), the ind action valve may remain 
closed during a considerable length of movement of 
the valves ; hence it may be closed at any desired 

irt of the stroke of the Engine, and the eshaustioa 

Ive remain open to the condenser : and what is also 
very importantj the eshuustion valve may be fully 
open at the termination of the stroke at either end 
of the cylinder, so that a good vacuum may at the 
commencement of the stroke be obtained, and conse- 
quently at the time the induction port is open for the 
flow of steam. 

" Fig. 8, represents a diagram of a steam cylinder 
and valves, and also the eccentrics and parts wliich 
work the valves. In Fig. 8, the valves are shewn in 
the position they would be at the termination of tho 
stroke at the upper end of the cylinder ; and it will 
be seen that the exhaustion valve has passed away 
from the exhaustion port, and the induction or steam- 
valve has pai-tially opened the induction port. * • 
That is not necessary ; hut if desired, it will be evident 
to the Engineer that that might be done either by 
increasing the throw of the eccentric, or by shorten- 
ing tho lever c,' to which the eccentric rod is attached. 

" Fig- 9, shews a section of a steam cylinder and 
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TBS, and the lever wMcli works them, the eccentric 
hich giTCs motion to the lever not being shewn — the 
aires in this figure being- in the reverse position to 
;hat shewn in Fig. 8. The valves a a are made of 
,ch Ieng:th as to be equal to three times the opening 
the ports; and it will be seen by tracing the 
lOrement which will take place in the parts of Fig. 8, 
at when the stroke in the upward direction has 
completed, and the steam or induction valve 
ned to the required extent, and steam admitted 
bove the piston, the steam or induction valve will be 
osed by the time the piston has moved about onc- 
of its stroke ; but this may bo varied, and the 
austion port will remain open, and the movement 
if the eccentric, and the parts actuated thereby, will, 
,ear the end of the stroke, close the exhaustion port 
,t the Tipper end of the cylinder, and bring the parta 
to the positions shewn in Fig. 9 ; and it will also be 
in that these effects will be consequent on the 
enlargement of the valves in respect to the ports over 
which they work, and the extent of movement given 
jo the valves, whereby one or other of the yalvcs can 
moved for a considerable length whilst over its 
port, without uncovering that port, allowing the 
exhaustion port to be fully open at the time of com- 
pleting the stroke at either end of the cylinder. At 
lig. 8, b is the eceentrio on the main shaft c, and the 
rod d and levers e and e,' for moving the slides. 
These are of the ordinary construction, allowing only 
for the quantity of motion given to the valves. And 
it is important to call attention to the circumstance 
of the distance over which the valves are moved, as 
on that circumstance, combined with the length of 
the valves, depends the beneficial results obtained. 
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Figures 8 and 9 shew the parts so arranged as to 
cause the valves to move a distance equal to four 
times the deptlia of the ports ; and if it were desired 
that the steam port should be opened folly, then the 

«ve "would have to move five times the length of 
depth of the port ; and, in case of making the 
valves less, to the extent of their being twice the 
length of the depth of the ports. Then the move- 
ment given to them is to be four times the depth of 
, the ports to fully open the steam ports. The move- 
^■eut ought not to be reduced three times the depth 
^K the ports, as the steam port will then be only half 
opened. It should be stated that although I prefer 
to work the slides with an eccentric, it will he evident 
that a crank may be substituted. • • • Although 
I have shewn the valves aa being equal to three times 
the length of the depth of the porta over which they 
work, yet I do not confine my claim thereto, as they 
might bo slightly increased, and even less extensive 
valves may be used, varying the other parts accord- 
ingly i but I have found there is little advantage to 
be derived when the valves ate not at least equal to 
twice the length of their ports, measured in the direc- 
tion of the movement of the valves. What I claim 
is, the mode of constructlog the valves of Condensing 
Steam Engines, when worked by eccentrics or cranks, 
whereby the exhaustion ports may be fully opened at 
the completion of the stroke, and whereby steam 
^^ay be cut off, and more effectually worked expan- 
Wlvcly, by the same valves as above described." 
1^^ This description of the '* lapping " and traversing 
^K the D slide valve, given by Mr. Bould in the 
^specification of his patent, is evidence that if he was 
not the first inventor of the process, he was in advance 
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of many Engineers of the day ; and there can be no 
doubt that the publication of his Bpecification supplied 
information which has enabled other Engineers 
improTO the working of the Steam Engine. 

There are other descriptions of cylinder valves than 
those described, such as the long D» the trellis, the 
piston, and the single and double drop valves, all of 
which arc one and the same in principle. An Ea- 
ginocr acquainted with the principle of the valves 
horo explained, will have no difficulty in understand- 
ing all the various valves in use, and the modes by 
whieh they are worked. For the latter, the eccentric 
movement is in most general use ; but there are also 
the movements of the cam, the tappet, the crank, and 
the lover. 
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Tim CORNISH OR DOCBLE-BEAT DROP VALVE. 



This description of valve derives its name Irom i 
flrHi being lulopted in Cornwall. In that locality 
Stiiftiu Kiigines are largely used for minin g and 
pumping purposes, and the piston of the Engine 
tmveU at n slow rate. A valve, thereforOj that could 
hv cl(t«>d or ojwned on the steam and exhaust sides i 
(M^panii't'lyf iMvamo a useful and important improvo- 
iu<>nt ovi»r the old " hand gear " sLoglo valve, and als^^ 
ovfir Ihu tlureo port, or D slide valvo. ^| 

I'l^. 10 in a vertical section of a pair of side pipes * 

nf H Stmin Engine cylinder, with valves of the 

CiMMiiith (^nntruotion. These last are shen-n in their 

i'i>Mp4tuliv(< ptMitions, both on the steam and exhaust 

" itvam from the boiler enters the ste^a 

lAkoA the direction as shewn by the 

lag botli at tbe under and top s 
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steam valve can be opened and closed at any reqoireil 
distoQco the piston may liave travelled ; giving every 
facility for cutting off the steam, either gradually or 
suddenly, according to the description of work on 
the Ens^ino, or the amount of expansion of the steam 
required. ^H 

The exhaust valves have also separate tappetsTB 
tlie Bfljne shaft; and as they are required to keep 
open the valve nearly the full length of the stroke, 
the tappet is so formed as to cause the valves to open 
and close at the most advantageous times. 

The Cornish valve has two faces, or two inlets 
and outlets, as shewn by section of valve c and », 
which gives a double opening for the ingress or egress 
of the steam. It also admits of the exhaust valve 
being raised much higher from its aeatj so as to give 
a free and uninterrupted passage to the condenser. 
This form of valve possesses a decided advantage over 
the single faced drop valve, 'When the tappet has 
raised the valve to the highest point required, it 
again falls to its seat by its own weight, and is kept 
there by the pressure of steam, untU the tappet again 
comes in contact with the pulley at the foot of the 
valve rod, and is again raised. 

On reference to the illustration, it will be seen that 
the exhaust valve is larger than the steam valve, 
which, coupled with the extra height the exhaust 
valve rises from its seat, gives free egress for the 
steam to the condenser. With double-beat valves 
the steam can be kept longer on the piston before 
exhausting, because the exhaust valve being large, 
allows the steam to escape mueh quicker than tbe 
three poet, or D slide valve. Where drop valves 
are used, and worked by a revolving shaft and tappets. 
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iy are much easier to get at by the Engineer than 
three-port, or D slide val^e. Each tappet being 
lar&te, the valves can be re§:ulated separately, 
ther by the shaping of the tappef^s circumference, 
moring it partially round the shaft, so as to give 
ce or leas lead on the steam or exhaust sides of 
stroke ; or to take off or keep on the steam in 
le cylinder, according to the load and pressiire ; 
JUS enabling the Engineer to economise fuel by 
working Ms steam more expansively, when less power 
is required. In this form of valve there is often one 
defect : the tappets are so formed as to allow the 
valve to drop upon ita seat too suddenly, causing 
much wear and noise. Were the tappets made to 
allow the valves to ha steadied on to their seats, 
the valves would keep steam tight much longer, and 
require repairing much seldomer than in the present 
construction. 

EXPANSION DBOP VALVES. 



There are various descriptions of Drop Valves for 
cutting off the steam when the piston has travelled a 
portion of its stroke, and which are called " Expan- 
sion Valves.'* They are usually worked by a separate 
eccentric, or by revolving tappets turned by tooth- 
wheded gearing, the same as the tappet abaft for 
working Cornish valves The common single drop 
valve is inserted in the steam pipe close to the cylin- 
der* It is raised from ita seat by a revolving tappet, 
which tappet is so formed that the valve is held up 
from its seat to allow tlie steam to pass through the 
valve chest and into the cylinder. As the tappet 
reToives, tlie full side keeps up the valve during a 



ol iu w t iiiMUu o. WImb tbe AUl side 
the nhv bHi back to its Mst, Bod the 
flnt cni oC or prereoted jiwwig fraon tbe 
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daring tbe time tbe nlre i> closed. 
time eteun ii tins fRvanted ^m 
ipODd apan the tinamltsrcaee of tbe 
of the nued portion of tbe tappei. 
Hint, the steam will flow into tbe cylinder during 
pottmi tt the stiofce from the beginning of eedi 
of the pMon, as tbe length of the circam- 
of the pfcject in g portion of the tappet which 
the TslTe from its seat — this being the measun 
ItR' tbe " cat off "* required. The cylinder Taires may 
Fork in the nsual war, \nih or without ''lap," 
the cteam frcnn the boiler will hare boea 
rented entering tbe vaire chest dnring that por 
tion of tbe itroke the drop TaWe was on its seat, 
the cylinder ralves were o[yen on the steam side 
ftUi leogth of the stroke, the steam coald only 
idmitted during that portion of the stroke tbe dro 
ratve was off its seat. When etarting tbe Eng^ij 
|tiie Vftlre can be made so as to be put " out of gear,' 
thus enabliog the Engineer to admit the full pressure 
of his steam npon tbe piston for any portion of 
th of the stroke. 

BQDTLIBBIUM DROP VALVES. 

These are worked by o tappet or eccentric, in 

■ flame way as those described above. They are pro- 

[cisely the samu in prindiile, but Lave two faces or 

openingd, and the prossuro of tho stoum operatefl on 

the sur£ace of tiro valvea on the ends of one spiiuUc, 

pressure ncluig oa the contrary ends of the ~ 
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the steam pressing equally In atl directions. By this 
contrivance little power is required to more the valve 
from its seat. T«'0 openings are eifccted at the same 
time for the passage of the steam, thus requiring a 
Tery emaU rise of the Talve. This form can also, as 
in the former case, be thrown " out of gear " at start- 
ing, while the Engine has attained its full speed. 

EXPANSION SLIDE VALVES. 

Expansion, or Cut off Slide Valves, are generally 
fitted on the valve chest of three-port slide valves. 
The valve box is divided into two parts ; the lower 
part contains the three-port valve ; and the top com- 
partment the cut off valve. The steam from the 
boiler is first introduced into the cut off chest. The 
bottom of this chest has two or more openings into 
the lower chest, or valve box, which openings are 
covered with a flat plate, or valve, having therein 
duplicate holes. This plate is connected to the rod 
of an eeeentric, or the rod may bo worked by tappets. 
The steam is first admitted into the top cbest, and 
passes tbrongb the openings in the flat plate to the 
three-port valve. These openings are closed during 
any portion of the stroke according as the throw of 
the eccentric on the tappet may be arranged to 
traverse the flat valve, so as to cover or uncover the 
openings. The expansion valve can be made to cut 
off the steam at such a portion of the piston's 
traverse as may be found most suitable for the 
pressure in the boiler and the load on the Engine. 
Expansion slide valves are sometimes fitted to the 
back of the three-port slide-valve in the valve chest, 
and mftde to take off the pressure of the steam from 
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THE KE\'OLVING EXPANSION VAL\T: 

The ftevolring Expansion Valve is represented in 
the accompanying engravings, Nos. 12 and 13. 

Fig. lio. 12 is the outward appearance of the valve. 

ia the branch pipe connected with the steam pipe 

jm the boiler ; i> the body of the valve case ; c c 

le thoroughfares at each end of the case; b the 



PlGURE No. 13. 
iStction of Sxpatuion Vatvt. 
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valve spindle. At tlio upper onJ of the valve case 
there is a cover Tvliich e revolves in* made stcam-tigbt 
by a glantl and stuffing box, and at the other end 
the spindle e works ia a step. Tbo cover is secug^_ 
by bolts in the usual way. ^^M 

Fig. 13 is a section of the valve, Tho arrows shew' 
the entrance and the exit of tlio steam through the 
revolvin" valve to the valve chest of the cvlinder. 

•J ■ 

The same letters in both figures represent tho same 
parts. It will be perceived that the steam enters at 
A, and passes to each end of the valve, which consists 
of a hollow drum fitting the interior of the circular 
case. It does not require to fit tightly, as in the case 
of an ordinary steam tap, but is so arranged as to 
permit it to revolve without friction. This drum 
has two openings in its circumference at opposite 
sides ; and it revolves at the same speed as the 
Engine makes full strokes. As it revolves, these 
openings present themselves opposite the opening- 
in the branch a, and the steam enters the interior 
of the drum through the thoroughfares. "While th^ 
opening of the drum is passing tho opening b, the 
steam rushes forward into the valve-box, winch h 
connected. When the opening in the drum has 
passed tho opening b, the passage of the steam 
is cut off until the other opening in tho drum 
arrives, which will be at the commencement of 
nest stroke, and which will continue open in pro* 
portion to its own width to the diameter of the dr; 
or valve. 

The drum travels half a revolution for one stroke 
up or down of the Engine. Thus it will be seen that 
if the opening in the drum be but one-eighth of the 
width of half the eircumrereneo of the drum or valvo, 
the steam will he cut off at one-eighth the traverse of 
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the piston, of auy other portion of the stroke accord- 
ing to the size or width of the openm* in the drum. 
The revolving valve or drura is fitted to a shaft, which 
may bo propelled by bevel or other wheels, and can be 
made to be put ia or out of gear. The actioa of the 
revolving valve is very simple — and it can be used as 
a valve to stop and start the Engine with. A handle 
wheel can be fixed on the shaft e: when the driving 
wheels of the valve are thrown out of gear, turn the 
blank side of the drum against the side of the opening 
E; the steam will thereby be shut off from the valve- 
chest and cylinder. At starting tho Engine, turn the 
drum with its opening to the openiug b, the steam will 
then flow the full length of the stroke, if the other 
valves are without lap, until the Engine has got to 
the full speed ; then throw the wheels into gear, and 
the valve will revolve and cut off the steam at that 
portion of the stroke arranged for. According to the 
opening in tho drum the steam may bo cut off at any 
portion of the stroke. It matters not where the com- 
mencement of tho opening begins, tho cut off will be 
at the time of closing. It will therefore be perceived 
that any amount of expansion can bo obtained by 
giving lead to the revolving valve ; and this can ba 
accomplished while the Engine ia working; or the 
valve may he put out of gear, and foil steaming 
obtained. In the latter case, if the cylinder valves are 
without " lap " or extra traverse, — -for this is not 
required where an expansion valve of this description 
is in use, — the steam will be on the piaton the whole 
length of the stroke. 

In tho descriptions which follow, examples will 
bo given of diagrams taken from Engines where tho 
revolving valve was in use. Aa before slated, the 
valve can be used to stop and start the Engine, and 
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nt the same iimo net as an expansion ralve, easily 
arranged to the nmount of expansion required. For 
lEarine Eng-iaes it would be a useful and efficient 
valve, both for regular working and for those cases of 
necessity where the full power of the steam is at once 
required. It has been applied to Stationary Engine, 
particularly to EnE:inGs for colliery pnrposes. It 
miijht be advantageously applied to Locomotives, as 
the expansion would be effected more completely than 
by the three-port slide valve Trith " lap " and traverse. 
"VVhen the steam is cut off by this description of 
valve, the pressure on the back of the cylinder valve 
is reduced as the expansion of the steam takes place. 
Under such circumstances, the pressure will be the 
same iu the valve-chest aa it is in the cylinder; 
whereas the pressure on the back of a three port and 
D slide, with *'lap*' and traverse, will be the 
boiler pressure throughout the working. 

The author invented and introduced this revolviDg^' 
expansion valvo, and put it into practical use in the 
year 1844, at several places in Huddersfield, Bradford, 
Halifax, and SheC&old ; and, although the valve was 
known to many, several years after its introduction ifc 
was patented by Messrs. Child, of Halifax, and Mr. 
Wilson) then of Low Moor ; a rather singular circum- 
stance, because Mr. Wilson had seen it at work years 
before. 

There are other forms and descriptions of expansion 
valves, but they may be said to be one and the same 
in principle, though differing in form of construction, 
producing the same results — cutting off the steam 
and working expansively. An explanation of a flat 
revolving expansion valve will be given, when we 
come to describe tlie Horizontal Condensing Engi 
erected at the Britannia Mills, Huddersfleld. 
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EXPLANATION OF DIAGRAMS. 
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"We now suppose tlie reader to have made himself 
practically conversant with the principles involved in 
the construction of the Steam Engine, and with the 
rules and hastmetions laid down for his guidance as 
to the use of the Indicator, and the construction of 
the common slide and other valves ; also of expansion 
valves, and the expansion of steam. If so, he will 
readily understand the explanations of diagrams 
which here follow, and be able to apply the instmc- 
tions therein conveyed to his own case with advantage. 

No. 14 diagram was taken from the Engine at 
Castle Mills, Sheffield, at the commencement of work 
after dinner. The Indicator was in operation until 
the whole of the work was propelled by the Engine, 
the diagram showing, by the various lines as the 
various machines were set to work, the extra quantity 
of steam required, and the decreased vacuum in pro- 
portion to the extra quantity of steam to be condensed. 
The different degrees on the diagram show, when 
measm-ed, the power taken by each machine as it 
was put in motion. A similar result could be 
obtained where there are different rooms of machinery. 
Each room, as set to work, would describe on the 
paper the extra quantity of steam required to propel 
the machinery, and thus show the value or the cost 
of the power in each room. By this method we are 
ffliabled to ascertain the power required for any par- 
ticular machine, or number of machines, as well as 
the most economical amount of power the Engine will 
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The dSsgram shews the itcnm to bo on tlio 
leiu^h of tiie stroke. The valves wcro D iralres v\\ 
out *' lap/' Mnutnncaitly tho steam vas not cot 1 
befbro tlio I i>7n of tbo stroke. The pi 




;nce in this case being 
the fiteam from the low 



Be end is lessened, the difTi^ 
caasod by the condensation c 
temperoture of the cylinder. 

By iliagram No. 14 it is. shewn that the Eng-ine has 
large steam ways, as indicated by the great quantity 
of steam to be condensed at the termination of the 
stroke. If the eccentric was moved forwards, and 
" lap " added to the valve, less steam would be used, 
_because the steam would be worked expansively, and 
le exhaust would be closed earlier, making a diagram 
inded at the closing of the exhaust. The Engine 
)uld then work better, and the consumption of fuel 
>uld be considerably reduced. It will be observed 
lai the various lines on tbo vacuum side are 
accordance with the amount of steam to be con- 
snsed. The greater the quantity of steam, the less 
18 amount of vacuum. 

Messrs. Hawthorne, of Newcastle-upon-Tyne, 
itroduced to txjcomotive Engines an additional valvo 
the exhaust side, so as to allow the steam to pass 
it quicker. Instead of the ordinary opening of the 
ihaust, the opening was enlarged more than double, 
by two outlets. It was considered that if the exhaust 
was enlarged, the back pressure upon the piston would 
be considerably reduced. This ia found to be the case 
when the piston travels at a great speed — and the 
principle is now carried out by some makers. We 
cannot see why Stationary Engines should not be 
altered upon the same principle. Were this the case, 
in many instances the vacuum would be greatly 
improved, and considerable saving of fuel the result. 
Tbo lead of the exhaust, with ordinary valves, has to 
bo put forward to allow the steam to escape, so that 
the piston may not be obstructed in its return — thus 




loBing that portion of the power ia the steam whidi 
is prevented from following; up the piston to the end 
of the stroke. Where Cornish, or drop valves, and 
where valves on the trelUs principle, are used, 

DiAGEAU No. IS. 
TiJkn jfr-am tJu Top of Cl/lif^der o/ a C^ndeiuinff Engine, 
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Steam 31b. 



7-7 Vacaum. 
0'3 Steam. 

S-0&I3. Average Pressure, 



exhaust ports can he opened much quicker t 
with the ordinary slide valve ; and it is often remarked 
that an Engine with the before-named valves "works; 
stronger." This may be accounted for, because the 
exhaust valve may remain, closed longer, thus foLlowi 



the piston with the steam near to the end of the 
stroke, and thereby obtaining more power than by the 
Other modes of admitting and discharging steam 

rim the cylinder. 
In diagram No. 15 we hare the opposite of No. l-l. 
This £ng-ine, although of nearly the same nominal 
horse power, would not be able to mo?e with the load 
No. 14: Engine drivea. The steam ways are so very 
small that the steam in the boiler cannot exert its 
force upon the piston, for want of more space in the 
pipes and passages to the cylinder. For want of lead 
on the exhaust eide^ the steam cannot leave the 
cylinder at the proper time, as is fully shown by the 
diagram. For want of room in the thoroughfares for 
the steam in the cylinder to escape into the condenser, 
the Engine makes a very indifferent vacuum at the 
termination of the exhaust, only 10'2tbs, although 
there were plenty of cold water to condense with ; or, 
in other words, a large quantity of steam is left in 
the cylinder uncondensed, and escrts a resisting force 
to the motion of the piston. This has to he made up 
by an extra quantity of fuel, involving a great loss of 
power. It involves also extra expense for the wear 
and tear of the boiler and furnace, and entails 
additional labour. 

The vacuum is very indifferent, TiVlhs. The average 
throughout the stroke is nearly Sftis less than No. 2 
diagram, and there is less pressure of steam upon the 
piston: No. 2 having an available power of 121bs on 
each square inch of the piston, aud No. 15 an available 
power of 6Rj8 — not one half of No. 3 ; No. 15 
isamin» more fuel for less than half the work 
le. The steam in passing from the cylinder to the 
idcnscr in such an Engine as No. 15, will make a 
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great noise. This description of noUe has been o: 
mistaken for, and stoutly maintained to be, the e 
of a good Tacuum, by those who are not conpei 
with the use of the Indicator. The noise is produi 
by the steam pressing its way through the coi 
passages. Had the steam sufficient room to travel 
unobstructed, the noise would cease, because 
speed and the pressure would be reduced by 
latter openings : the same as a wide chimney 
furnace allows the smoke to pass off easier 
quicker at the same time. Although the thor 
fares to the cylinder and the valves are too contracted, 
the best is not made of them under the circumstances. 
The valve ought to have more '* lap," so as to cut off 
the steam earlier, and the exhaust be opeued and 
closed earlier. If the valve traversed quic! 
the thoroughfares would be opened quicker, t 
admitting the steam to the piston faster, after 
ports begun to open» and allowing it to depart soo: 
The vacuimi would be thereby improved, less s 
would be required, and the Engine would work bet 

There are many Engines working similarly to 
one above described. Neither the proprietors 
their Engineers know but that all is right, W 
seeing the interior action from a diagram, or not 
knowing how to take one and work it out, they do 
not perceive their loss. 

Diagram No. 16 was taken from the same Engine^ 
when new side pipes of larger dimensions and D sUde 
valves had been applied. 

Here the vacuum is greatly increased, and 
power of the Engine also, though consuming only the 
(tame quantity of fuel. Stilly both No. 15 and No. 16 
are very defective. A great improvement in 
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working of the En^e would be effected by ^ving 
the valve more " lap" and more traverse ; or, in other 
woids, the eccentric or tappet motion requires to be 
pat forward, so as to open the exhaust sooner, and 

Diagram No. 16. 

. Taken from the Top 0/ Cylinder 0/ a C'tinUeniitis Enyine. 
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dose it sooner, and the valve requires to be made 
longer at each end to overlap the steam porta, the 
technical term being "more lap of the valve," — (see 
explanation on the setting of valves, at pagea 66 to 
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72, OQ D valres with "lap"), so that the pressuw 
of the steam in the boiler wuuhl be more upon the 
piston, at the commencement of the stroke, and would 
be cut off before the termination of Ihc stroke. TMs 
would give more lead to the exhaust, enabling the 
steam to work expansively, the same as in JS'o. 2 
diiigram. This would result in a great saving of fuel, 
and require less water for the condenser, there being 
then less steam to condense ; consequently it would 
require lessa jiower to work the air-pump. The les* 
the quantity of water in the air-pump may be, and 
the longer the delivering valve will be kept closed. 
The furthci' the air-pump bucket can travel up th© 
barrel before the force of the water opens the 
delivering valve, and the better it must bo for the 
Eng-inc. As sooa as the delivering valve of the air- 
pump is opened, the pressure of the atmosphere acts 
with a resisting force to the up stroke of the air-pump 
bucket equal to IStbs upoa each square inch of it3 
superficial surface, supposing that there be that 
amount of vacuum. The under side of the bucket 
having a communication with the condenser, in which 
there is a partial vacuum, the pressure of the 
atmosphere on the upper side of the bucket has to 
be overcome by the power of the Engine — an appli- 
cation of power which ought not to be lost sight of. 
In proportion to the distance which the bucket of the 
air-pump has to travel with the pressure of the 
atmosphere uptin it, in that proportion does it require 
more steam to work the Engine, and consequently 
more fuel and more water, for want of the valves 
opening and closing- at the proper time. In this case 
the air pump has more water to lift than it need have ; 
therefore, the delivering yalve of the pump is opened 
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much sooner, and the pressare of the atmosphere 
pressing upon the upper side of the pump bucket, 
Mts in opposition to the traversing of the bucket with 
a force as ei^lained above. * 



DiAGBAH No. 17. 

Ttden from the Sottom of ike Cylinder. 
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ATorage Tacuom, 7'2!be. 

No. 17 diagram was taken from an Engine belong- 
ing to Mr. JoHir Davison, com miller, Gateshead, 
which has since been destroyed by the gi-eat fire at 

• Former editioni of ^i* Work IwTing directed the attention of tlie Proprietors and 
Eagineen to the defect* of the aboTs Engine, thej have caw each ao Indicator, and 
hare, to gimt advantage, adopted the alterationi nigge*t«d. 
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flf ihtb ralvEA pressing them to 

oOBsiderable poirer to 

that Aould not be lost 

of m Engine, particulaflj 

example of contrac 
tte celled state of the 
pcB l ii B Dpon the piston is 
with steam in the cyliDder 
at the coaunenoement of the 
the frktinn of the Engine aa^J 
' li fhe ngabr aDowanoe, 3a>$ to the squaiH^ 
iadk, and the avBDahle poirer remaiiung is 4B)s to the 
aqoare mdu Compare this diagram vith diagram 
TCo. 3. The aTeiage pressore npon the piston in 
^o. 2 is 15Q>s to the squan indi, vith steam in the 
cylinder at the commfineement of the exhaust 6Iba 
below the pressure of the atmosphere. The one 
Sagine baa to e«>dg»e fourteen, and the other nine, |i 
wMiHng a difference of thirty per cent, in favour of 
Xo. 2 Engine in the steam used and the steam to 
condense ; showing the superiority of one Engine orer 
the other. Xa 2 diagram shows ISIba to the square 
inch, wMch with S&s for the friction of the Engine 
and shafting taken off, leaves an available power of 
12tbs to the square inch upon the piston — or three 
times the power of No. I?* with thirty per cent, less 
fuel used, and thirty per cent, less water for condensing. 
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The maker of tlie Gateshead Engine prided himself 
upon the saperiority of this Engine over others, from 
the great noise the steam made on the exhaust side- 
he mistaking the noise for n good vacuum^ when, as 
shotm by the diagram, the contrary was the fact. At 
this mill there were two Engineers at work, two 
■En^nes, two sets of boilers, and more than four times 
the quantity of fuel used than was necessary. Had 
the Engine No. 17 been properly constructed, it 
would have heen able to propel more than both 
Engines were propelling, to say nothing of the daily 
expenditure being at least three -fourths reduced, and 
learing out of question the wear and tear, and the 
space uselessly occupied. Had either the maker or 
the proprietor been practically acquainted with the 
Indicator^ It would have been of advantage to both. 
If the one had made a mistake, the other would have 
1)660 able to point out the defect, and between them 
the Engine might have been put in proper working 
condition. Instead of this, however, they were both 
satisfied with it in its crippled condition ; the one 
believing that he bad constructed an Engine which 
could not be exceeded, and the other believing that 
his Engine was one of the best. As a proof that it 
was a good one, several people were called in to hear 
the good vacuum the Engine was making. The noise 
produced by the exhaust was similar to the noise 
mode by the escaping steam at the top of a 
Locomotive Engine chimney. This is not a solitary 
instance of this kind of Engineering, but a sample of 
what may be frequently met with. 

No. 18 diagram was taken from an Eng:ine 
belonging to Mr. Uicketts, corn miller, Sheffield. 
By this diagram the state of the Engine will at once 
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K»^no TTorked for a considerable time. There was 
most irrcfTxilar motion, causing the stones to tremhli 
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and the whole machmer^ to appear in an agitated 
state. The ^Engine was consuming a great quantity 
of foel, and hy most parties it was considered over- 

D1A.0&AM Ko. 19. 

I^itett/roM the Top of the Cylinder of the kibk Engine <u No. 18. 
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loaded. The valves were of the conical description, 
worked by revolving tappets. Several Engine-makers 
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had examined the Engine, and varioos were tbe 
eoQJectures. At lensrtb. as a remedjr, one of iheaa* 
>|i|died sereral tons of metal to the rim of the fly* 
wheel- The result was not as anticipated : the 
additiooAl weight — which had to be propelled I — did 
not improve the working, and the conclusion come to 
after this alteration was, that the Engine was too 
email for the work it had to do. Diagram No. 18 was 
taken when the Engine was in this state. 

Diagram Xo. 19 was taken from the same Engine 
in the short space of one hour after the Indicator had 
been applied. The tappets which worked the drop 
Talres had moved from their places, as will be seen on 
reference to Ko. 18 diagram. The tappets were 
adjusted, the Indtcafor again applied, and No. 19 m 
diagram obtained. ■ 

Examine the difference: the improved vacuum — 
the steam on at the proper time, cut off at one-fourth 
the length of the stroke — working by expansion — and 
the exhaust sooner. The average pressure of No. 19^ 
diagram is 10'86fbs, and the average of No. li 
diagram 14-30ft»s; thus showing that the Engine 
before the valves were properly set, was consuming' 
steam equal to 3^1bs to the square inch to work itselfj 
more than No. 19. The result of the alteration 
that the Engine consumed little more than half 
fVicl it did before, the stones rmi steadily, the whole' 
machinery at the proper speed, and sufficient surplus 
power remained to have driven one-third more work. 
Tms case shows pro-emineutly the advantage and usarfl 



itself 
wasifl 
f th^ 



'^ tho Indicator over the guess-work of some Engino- 
»«id niana^rs of Steam Engines. By its use 
^ ^vere at once laid bare^ and the simpU 
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Diagram No. 20 was taken from an Engine 
onging to Mr, Swift, of MJrfield. Here was 
)ther example of valves improperly set. The 

DUGBAJI No. 20. 

Tckm fnm ihe Tap of the Cylvnder of a Condenting Engine. 
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^e, in passing the centres, started and jumped 
a strange manner, shaking the Engine-house. 
ciral opinions wwe given by Engineers as to the 
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cause of tliis defect. One said it required new ai 
pipes and valves, and recommended them accordin 
Another Engine builder declared the Engine requi 
a thorough examination and repair. 

The Indicator was applied, and the valve was 
adjusted during the dinner hour. The defect proved 
to be, that the valve was too late at one end, and too 
soon at the other. The valve spindle only required 
adjusting at tho cross head, which was done, and this 
was found to be an effectual remedy, except that there 
was very little " lap," the valve being a long slide. 

Could " lap" have been added, and the steam cut 
off earlier, a less quantity of steam would have done 
more work, and a better vacuum would have been 
made. 

Diagram No. 21 was taken from an. Engine 
belonging to the firm of Messrs. NAYiiOB> Vickebs, 
AND Co., ShefBold. The pressure of steam in the 
boiler was 4i51bs to the square inch above the pressure 
of the atmosphere. The diagram shews a pressure of 
261b3 to the square inch above atmospheric pressure 
at the beginning of the stroke, and 20ths at the end 
of the stroke. The condenser could not condense 
such a large quantity of steam in sufficient time ; 
consequently, there was a back pressure upon the 
piston of 12lbs to the square inch above atmospheric 
pressure, and no vacuum was formed until tho piston 
had nearly completed its stroke. Then at the 
extreme, there n'as only a vacuum of 7fl)s. Here was 
a Condensing Engine working with high-pressure 
steam without expansion, the steam retained in the 
condenser and pipes, offering a great resistance to tli^tf 
piston, and the air-pump loaded with water, requirin^^ 
much power to work it. Had the steam been allowe 
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scape into fhe open air, the working of this 
ine would hare been betteor ; or, had the exhaust 

BlAGBAU Ko. 21. 

'\atnt Jnm At Top of the C^Under of a Condmnng Engin*. 
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a set forwards, and the valve made to cut off the 
un at one-half the stroke, the advantage would 




102 

hare been great, but not so much as vras otherwiBe 
obtained. The ralves were of the D constructioa. 

Diagram No. 22 was taken from the same Engine, 
after an expansion ralve had been added — a reTolru 

Diagram No. 22. 

Taken /rom the Top (/ the botm Engine Cylinder at Xo. 81. 
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Valve, cutting off the steam at any required portion 
the stroke. (The description of the reyolmig 
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Kon vaJre will be found at pages 81 to 84). Por No. 
■2, the steam in the boiler was at the same pressure 
■b when No. 21 diagram was taken. No. 22 diagram 
Bells a rery different story to that of No. 21, The 
ftxpansion. valve cuts off the steam at one-sixth of the 
■trok^ and the effect of the alteration was, that there 
Bras a pressure of steam upon the piston of SSfils 
Bbove atmospheric pressure at the beginning of the 
Btroke, expanding to 61b3 below the pressure of the 
Btmosphere at the end ; so that there was 261Jbs less 
neam. to condense in No. 22 than in No. 21. As 
■hewn by the diagram, the vacuum is ll|lbs at the 
Ktcnt. This last fact is accounted for by the small 
Eze of the condenser, it not being proportionate to the 
Bze of the steam cylinder^— a defect far too common 
Irith Condensing Engines, occasioiung a loss of fuel 
proportionate to the decreased vacuum. When this 
H the case, the condensing water should be introduced 
■o the steam in the exhaust pipe before it enters the 
BOQdcnser. The water traversing along with the 
■team into the condenser, tends to condense the latter 
Bnickcr and better. 

W The saving of fuel effected by the simple alteration 
Bbove described, was more than one-half* although 
"he vacuum was not so good as it would have been 
had the size of the condenser been in proper propor- 
tion. No. 21 is an example of the steam on one side 
of the piston acting against steam on the other side, 
and also of a want of knowledge of the expansive 
property of steam — the Engine expending a great 
portion of the power upon itself, as shewn by the 
diagrams. In No. 21 the average pressure is 24-325)s, 
and iu No. 22 the average is 18-321bs ; a great 
dlfierence„ especially when it is considered that the 
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DlAORAX No. 23. 

Taim from Uu IVip of ih» Cflimdtr itf a Ctmdamng Engine. 
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extra power was totally lost, causing also an addi- 
[tionnl strain upon the Engine, destroying its parta^ 
'and involving great wear and tear. The proprietors 
jwere not aware of any defect in this Engine until the 
\lndicalor had been applied. That application "waa the 
(cause of the revolving expansion valve being added* 
jof the valves being properly adjusted, and also of the 
Crippled size of the condenser being made apparent, 
|bn examining the diagram it will be perceived that 
jtho steam docs not expand down according to matlie- 
KD&tical rule, because the steam in the sido pipes 
fcuppliea a portion of that of the cylinder; thus 
Ireducing the pressure on the piston gradually, and 
'preventing, to a great extent, the shock caused where 
■the steam is cut off too suddenly. 



EXAMPLES OF DERANGEMENT OF VALVES. 

Diagram No, 23 was taken from one of a pair of 

Engines, coupled together, belonging to Messrs. 

HvBE, Sons, and Soweebt, of Buckinfield. The 

Engineer, observing that one of the Engines did not 

work mth its usual smoothness, applied the Indicator, 

and obtained the diagram here given, which shews 

that the valves had become deranged, and were 

forking very irregularly. The steam was too late 

and the exhaust too soon. The vacuum also closed 

too soon. In fact the valves were openuig and 

I closing by no rule; and had not the two Engiues 

[been coupled, a stoppage must have taken place with- 

jout any apparent cause. W\\o could have accurately 

; defined the defect, if the Engine had been examined 

in the ordinary manner ? It might have been sought 
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ia Tain, and tlie Engine pnlled to pieces beToro t) 
defect had been discoverod — a practice too 
rewrted to, entailing great expcnao and loss of 
to rectify a trifling derangement, Tlie ladk 
howerer, enabled the Engineer, Mr. E. Glkdui 
to afioertain and remedy tbe defect. After bo 
obtained the diagram (No. 23), he at once set dc 
the Engine, and traced the irregularity of the working|' 
of the valve to the giving way of a key in one of thai 
driving wheels of the valve gear. In a short time allli 
was put right, and the two Engines wore again 
work. 

This case shews how easy it is to prevent aceit 
where an Engineer is conversant mth the use of llu*] 
Indicator, and understands a diagram when it 
Had it not been for the aid of this invaluable ins 
mcut, the damage to this Engine would prohabljr:' 
haveboen Borioos. This shews how important it iii, 
that a person in charge of an Engine should have af 
thorough knowledge of the use of the Indicator; (ot 
without its aid, in this case, it would have beca 
impossible to detect the derangement while tbe' 
Engine was at work. Had the Engine broken down, 
the real cause of the disaster would in all probamud 
have remained unexplained. ^^ 

Diagram No. 21. was taken November 2Uh, 1865, 
from another Engine belonging to Messrs. Uyde, 
Sons, axd Soweebt. This diagram is also Ulustni' 
tive of our present subject, " Derangement of Valves ;'* 
and as there are numerous Engines working mt 
ralvcs set in a similar manner, it is important 
the facts and particulars of the case shoald be fu 
entered into and attentively considered; because a' 
mi6takcn onioion exists amongst Engineers as to , 
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DiAOBAH No. 24. 
Taken from the Top of the 
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cause of the irregularity which the diagram exhibils. 
Many suppose that the irregularity of the figure ift 
caused by the irrefirularity of action in tho Indicator^ 
arising from a wont of correctness in the workiDg 
parts, or from the spring of the instrument beinjo* too 
weak. In tho present instance this idea prevailed ; 
and, as a proof that the irregularity arose from this 
eause, other diagrams were taken, by a differently 
constructed Indicator, with the pencil projecting at a 
right angle from the cylinder — the barrel, or cylinder 
to which the paper is afllsed being detached from tlio 
body of the inatnuncnt. This latter description of 
Indicator is not sensitive enough to shew the true 
action of the steam upon the piston of the Engine, 
because the pencil-holder, with tho pencil in the 
position described, acts as a Icrer with a motion 
opposed to the motion of the piston, and adds addi- 
tional friction, preventing a true tracing on the barrel 
of the Indicator. It thus arose that the valves of thj|fl 
Engine from which diagram No. 24 was taken were in 
the state shewn, because the Indicator formerly used 
did not exhibit the iiTcgularity made apparent when 
a larger and more sensitive instrument was applied. 
It will be seen from the diagram that on the steam 
side, at the commencement of tho stroke, the steam is 
exerting a pressure upon the piston of 19ibs per 
sq^uaro inch, tho crank being then at the plumb 
centre. As soon as the crank has turned the centre, 
and the piston moved forward, the pressure of the 
eteam ia reduced to 131bs per square inch. Theu 
again it is raised to Mlhs, until the ralve begins to 
close nearly at the half-stroke. It will be observed 
that here another irregularity occurs, which was said 
to be produced by the faultincss of the Indicator. 
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ly instances wiere similar diagrams are taken, 
irregularities ave considered to arise from 
fectiveness in tlie instrumeat. Of course it is 
Wch easier to blame the Indicator than to explain 
action. But to proceed with our description : the 
ram shews tliat the steam was forcing the piston 
the Indicator upwards against tho spring, the 
stance of which was equal to a pressure of lOHis 
jr square inch. Were not this so, how could the 
aton have been sent up ? There must have been 
icient force to overconio the resistance of the 
Jting. This extra pressure at the beginning of the 
jke— top and bottom — has a very injurious effect 
m an Engine, and is the cause of more break-downs 
lan almost all other causes put together. Were tba 
of valve-setting more fully understood, so as to 
ig judiciously the pressure of the steam to bear 
)n, tho piston, we should seldom hear of Engines 
kg stopped to repair break-downs, which are now 
con&tant occurrence, from the cause just explained. 
Wherever the Indicator makes a diagram similar to 
lat of No. 24, it will be found that there is a great 
train upon the pillars, beam, centres, crank, and 
other fixings of tho Engine, which may be easily 
detected by placing the hands upon the parts. 

In diagram No. 24 the pressure of the steam in the 

boiler was 251bs to the square inch. The diagram 

^ave» an average pressure throughout the stroke of 

BP'OAlfas to the square inch. The average pressure of 

Bteam above atmospheric pressure is 6'541hs, with a 

^^■essure upon the piston at the commencement of the 

Itroke of 19lbs per square inch above the atmosphere. 

^Biis oxtrome pressure being imparted to the crank at 

'* plumb centre*" every part of the Engine was thereby 
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subjoctcd to aevero strain, there being on the beam, 
crank, and centres, a dead lift twice during every 
stroke. This was the result of the valve havinj; too 
much load, and of opening too quickly, so that the 
nish of Iho steam struck the pistoa of the iEn&^ne 
with great force in the same way as steam is applied 
to "the steam hammer." This caused the Engine 
to tremblcj and bo, to all appearances, heavily loaded. 
At the closing of the valve at half-stroke, the steam 
was reduced down too quickly. The diagram shews 
that the valve closed too rapidly, causing vibration 
and unsteadiness from the irregularity of the pressure 
upon the piston. This diagram exlubits the evil 
of steam being cut off too quickly, instead of being 
shut oS regularly and easily ; for it is as important 
for the steam to he taken off easily as for it to be 
let on easily, that the steady working of the Engine 
may not be disturbed. In the case we are considering, 
had there not been a hea^ fly-wheel to orereome the 
sudden changes occasioned by the steam being thrown 
on and cut off too quickly, the vibration would have 
been much greater. 

This mode of setting valves, with too much lead, of 
which diagram No. 2i is an example, is a roUc of 
the olden times, when low pressure st«am w^as used 
from 4tbs to lOtbs per square inch. The practice is 
not nearly so olyectionable with low pressure as with 
higli pressure steam. Had there been a proper 
Indicator in use at the time wo speak of, we should 
not now have had to combat the deep-rooted pre- 
judices and mistaken opinions which prevail amongst 
those who have been in the habit of usin^ the small 
Indicator with its pencil fixed contrary to the traverse 
of the Indicaior piston. We shall have to shew in 
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DlAGRAK No. 26. 

Taken Jrom tJte Top 
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our further explanation of diagrams the evils which 
result from this description of instrument, and the 
injury done by parties who, without consideration, 
report on Steam Engines fi-om diagrams taken by this 
defective instrument. In so doing, we shall give 
practical examples and facts to bear out our represen- 
tations. We have only ono object in view, that of 
dispelling the errors of those who ought to be more 
fully acquainted ■with the use and utility of a sensitive 
Indicator iar valve-setting; and unless we give the 
names of tlio parties, and the circumstances we af|fl 
commenting upon, others might be blamed. Sin*^^ 
tho publication of tho practical facts contained in the 
early editions of this work, a great change has tnken 
place amongst practical Engineers in the use of the 
Indicator, particularly in valve-settingj where great 
nicety is required. 

Diagram No. 25 was taken March 12th, 1656, from 
the same Engine* and by the same Indicator^ after the 
valves had been adjusted so as to apply the steam 
easily at the commonoement of the stroke, and also to 
cut it off easily. We here see that instead of the 
comer of the diagram on the steam side having a 
projecting point, the comer is rounded, because the 
full pressure of the steam on the piston is not applied 
until the ciank has passed the centre, thereby pre- 
veming a dead lift at the foundation, the beam, the 
centres, the crank, and the pin. It vdM also be 
observed, that on the valve closing short of the half- 
stroke, it closi^s regularly, and the diagram does not 
exhibit the yariations which are shewn in diagram 
No. 24. The pressure in the boiler when diagram 
No. 26 was taken was 251bs to the square inch, the 
same as in Ko. 24 ; average pressure on the steam 




on, as shewn by tho diagram, is J)- 
on the vacuum side, 12-1'tfbs : — average, 21'54fts 
square incli, being 360fl)s more than vrith 
No. 21 ; sliewing the Engine to be exerting 
Rent/ per cent, more power» with less strain upon 
he various parts than before. The greatest pressure 
1 No. 24 diagram is ISfts above the atmosphere, and 
bat is alter the crank has passed the centre, that 
eing a more favourable position to receive the full 
cesaure. After the valves had been altered, and 
wpe work put on the Engine, the straining of the 
Arts was comparatively removed, as shewn by the 
iagram ; another instance of the correctness of the 
ndieator in describing the changes effected by 
Iterations of valves. 

No. 26 diagram was taten from the same Engine, 
n August 23rd, 18^6, by the same Indicator. Here 
rill be seen a greatly increased power over No. 24- 
iflgram. The average pressure of No. 24 diagram 
ras 17'94lba; of No. 25 diagram, 21-54; and of No. 
16 diagram, 23"97H)3 ; being in the last case upwards 
>f thirty per cent more power performed by the same 
Unginc. In both the last cases, the strain upon the 
larts was steady and regular, and the Engine was not 
learly so injuriously affected as when the steam waa 
ntroduced in full force upon tho piston by the old 
aethod of vadvc-setting. The valves in No. 24 
rould by many be considered to bo properly set ; and 
lad the diagram been taken with a small Indicator, 
ach as that made by K'Navght and others, the 
rregularities would not have been shown, and the 
alves would in that ease have been passed as being 
orrcctly set. A state of things like these is too often 
he case, and forms one of the obstacles to the further 
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mprorement of the Steam Engine. When this 

dlefectivu instrument is reliei upon, where one set of 

^aJvcs are found to bo as well set as in tho instance 

"we ore illustrating, two will be found to be worse. 

"With valves set as in the case of No. 26, it would be 

almost impossible for a break-do^vn to occur from 

improper action on the part of the Engine itself, as 

the strain is nearly equal throughout the stroke, and 

^thout undue pressure upon the crank. 

The benefit of a better knowledge in this important 
portion of an Engineer's duty is apparent in the 
increased power in diagrams Noa. 25 and 26, with 
Vtsry little increased cost of fuel, and with a great 
prevention of strain upon the parts of tho Engine, 
decreasing materially the cost of wear and tear. 
This case also presents an example of on Engineer 
who properly understands the use of the Indicator ; 
and it makes manifest the advantages to be derived by 
employers ftom the use of tho instrument in the 
hands of a man competent to apply it. There are 
Engineers who know, but who do not like to aeknow- 
ledge, their former opinions to have been erroneous 
respecting the improved Indicator ; and they have in 
some cases found it convenient to have one of the 
latter to set valves by, because they have found the 
facts stated in previous editions of this work to have 
been of use to them. 

In this Engine the valves wore of the equilibriimi 
conical form, worked by Fairbatrn's patent vertical 
revolving tappets. When the valves were altered, 
hoops were fixed to the inside of the valve, about one 
and a half inches deep, and of nearly the same 
diameter as the opening of the valve seat. Tho 
mode of working tho valves was the same as before 



llfl 

tbc alteration ; but openings, or thoroughfares, were 
cut in the rim of the hoops of such form and dimeu' 
sions, that when the Talves wcro raised from their 
BeAlSt the opcningis in the hoops allowed the steam to 
pass in proportion to the distance the valve vaB 
raised, by which moans the steam was admitted od to 
the piston at the pressure required, and at any part of 
the stroke. The steam was also cut off in the same 
manner. A similar effect may be produced by the 
tappets being so formed as to raise the valves at any 
required speed : but tbo former method is more 
permanent, and more easily accomplished than the 
other. Tappets are liable to wear, and to move ; but 
the placing of a hoop inside the valre is not liable to 
this defect. The plan of the hoop was introduced by 
the Engineer above referred to ; and it will be found 
to be a step in the right direction — in the practical ] 
application of improvements to the valves of Steam , 
Engines. To the cciuilibrium or the double-coi^M 
tlirottlo valves, the hoop has been found to be ^^ 
valuable improvement, producing steadiness i^^J 
turning.* m 

By studying the last three diagrams, those con- 
versant with the iraprovemonts therein shewn as , 
having been ninde in the working of the Engines, and 
of the increase of real power obtained from the samo 
nominal force, will at once see the advantage of ^ood 
management over the bombast and guess-work of 
those who ara ignorant of the use of the huUctttor. 
Where an Engineer is driving his Engines without 
using an Indicator proper working v6M be mer dj „ 
the result of chance. flB 

In 1861, Messre. Hyde, Sons, Ain) Soweuby^^ 

• S-'" ClinplprunThroltU VhItm. 



BLgtQOs were giving 415 indicated horse-power, and 
BLsaming 83^ tons of coal per week, being 7^H)s of 
Bal per Lorse-power per hoar. This included the 
■eaxn for tlte milts, and other purposos requisite la 
ne processes beginning -^vith cotton in its raw state, 
kd delivering it in the woven piece, 
■ In 1860, the same Engines were giring out 670 
pdicatcd horse-power, with a consumption of fuel of 
■"iff tons per week; that is, under 5^iba of cool per 
Boor per horse power : thus showing an increased 
■owcr of upwards of fifty per cent, obtained from the 
■Bme Engines, without tho least alteration except the 
BTopcr setting of the valves, and increasing the 
fcressurc of the steam from lOfbs to the square inch 
Bi 1851, to 301bs to the square inch in 1860. Since 
Bhe above date, this consum^ption of fuel has been 
feirther reduced by increasing the pressure in the 
■Kiilers, casing the cylinders, and using the boiler- 
Bressnre in the casings. During the derangement 
Consequent on the short supply of cotton, the mills 
Butre not run full time ; therefore we are not able to 
bive the exact number of horse-power given out from 
mhe quantity of coal used, at the time this edition la 
k the press 

Nothing can be more clear than this case. The 

^cts speak for themselves. Had these Engines been 

pompounded, and the pressure increased in the same 

ratio, more fuel would have been consumed, to say 

nothing of the great cost of compounding, and the 

increase of wear and tear. Instead of this, the 

Engmes only required the usual outlay in repairs. 

Kbcre was no loss of time ; and the result was, equally 

Heady turning to that of others whose expenses had 

BeeD much greater. What can this superiority of 
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Takmfi-<m the Top of Oe Ciinda- of a Condmnng Bngi 
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sment be attributed to ? Simply to the pro- 
lors and the Engineer using- and understanding 
le Steam Engine Indicator ; for without this 
rument tbey would not have been able to increase 
id regulate their powerj but would have been Like 
ly — continually guessing as to what the result 
various alterations would be. 
Diagram No. 27 was taken from an. Engine 
longing to IMessis . Mitc hell B roteers, of 
ford. It will be observed that on the steam side 
the diagram there is a zig-zag line, caused by the 
Ive of the Engine opening too quickly, and 
litting the steam on to the piston as explained in 
jram No. 24f. The fireman, who acted as Engineer 
the case of No. 27 diagram, protested that it was 
defective Indioator that caused the irregularity 
lereby made manifest, and not the valves of the 
igine ; and, in support of his opinion, he indicated 
le Engine with a small Indicator — the pencil pro- 
at a right angle from the cylinder of the 
strument, as before explained. 
Diagram No. 23 is the one taken from the Engine 
}f Messrs. Mitchell, Bradford, with the small 
Indicator referred to. This does not shew the valve 
be forward. In consequence of this, the proprietors 
and their Engineer were immovable in their opinion, 
id held that the large Indicator ^d not take a 
diagram ; and there were no means of con- 
icing them that the valves required more lap, with 
a V cut on the steam side — as hereafter explained — 
as to admit the steam on easily, that when the 
ink had passed the centre it would be ready to 
ive the full pressure required without any extra 
on the Engine. This would also have effected 





a great saving of fuel, the pressture in the boilers being 
upwards of 20lbs por square inch. This amount of 
power ought to have been better applied, by working 
the Bteam more expansively. If lap had been adt 

DlAGOAM No. 28. 
Talcen /t-ortt the Top of the CyUndfr <j/* a Gonjnrsing E?igiiir. 




a 

D 



to the Talve, instead of wire-drawing tho stes 
through the throttle- valve, and making use of tl 
whole pressure they had in the boiler, much less cc 
and water would have been used, and more poi 
obtained with less labour and attention. 
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With the same instrument with which diag^ram No. 
27 was taken, was also taken diagram No. 29, from 
an Engine belonging to Mcssi-s. A^mitaqe AitD Eaye, 
Huddersfield, to shew the parties at Bradford that 
vhere the ralves were properly set, no zig-zag line 
would be made. In this instance the V in the valves, 
and the setting, are so arranged, that the full force of 
the steam is exerted on the piston when the crank 
is in a position to receive it, and not before, as is too 
frequently the case. The diagram shews by the round- 
ing at the steam corner, that the crank has passed 
the centre before the full pressure of the steam is 
applied to tlie piston. Had the Engine, from which 
Nos. 27 and 28 diagrams were taken, been more 
heavily loaded, the jumping motion would have been 
a serious drawback. In that instance the steam was 
wasted, for want of being worked more expansively, 
and the Engine was strained by the valves having 
too much lead and opening too quickly. 

As the difference shewn by the two Indicators 
could not be explained to the satisfaction of the 
proprietors and manager of the Engine, the diagrams 
were sent, as they stated, to a practical man at the 
Xiow Moor Iron Works, for him to examine and 
report upon : and as his opinion agreed with that of 
the proprietors and their fireman, it was, of course, 
settled that the largo Indicator was at fault. Had it 
been othern-ise, there would have been hope that the 
old school were about to learn some new lessons. 
This case is here explained — not that it deserves, or 
is worthy of, notice in itself — but to show parties who 
are ignorant of the working of the Indicator^ and to 
some extent the working of the Steam Engine, that 
the Indicator is a faithful delineator of the inner 
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DiAGBAM No. 29. 

Taken from the Top of thf Cylirtdtr of a Condensing/ Engine. 
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; of the Engme; and that from improper 
itting the most disastroua lesolts may be 
ited. 

DiAOBAH Ko. 80. 

^vn the Bottom of the Cjflinder of a C<ntdta/iag Sngine. 
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'lietors of Steam Engine ought therefore to be 

IB in listening to the opinions of inexperienced 

Ten in direct opposition to the recorded action 

Indicator, 

accompanying diagrams, Nos. 30 and 31. afford 

» suf&dent to convince the most obstinate, 




tliat unless the Indicator be one that will faithfully 
represent the action of the etoam upon the piston it is 
worse than useless. 

Diagram Ko. 30 was taken by a small Indicator, 
from an Ungine belonging to Mr. Dickenson, of 
iBlaokbum. The diagram £a of the full size. The 
instrument belonged to the Engine builder. The 
diagram taken by Mr. Dickenson's own IndicaioTf 
which had the pencil lianging parallel to the piston, 
was much larger^ and shewed the valves to be too 
forward. As the pressure in the boiler was upwards 
of 40H)3 per square inch, this state of the valves, 
as shewn by the large instrument, led to an 
apprehension as to the fate of the Engine, unless the 
valves were properly set ; but the maker contended 
that inasmuch as his Indicator only shewed a small 
projection on the steam aide — as will be observed on 
rofcroEce to the diagram — the valves were right; and 
he would not condescend to notice any other diagram, 
or yield to any other opinion. From this obstinacy a 
contest ensued, in which the Engine-maker had, for a 
time the advantage. This however was doomed to be 
very short; for as physical action will produce greater 
effects in the destruction of an Engine than mere 
assertions, however wild, the matter was decided 
within a fortnight by the Engine breaking down. 
This result had been foreseen and foretold ; and had 
reason been hstened to instead of assumption, the 
proprietor would have been spared the loss, whicli lie 
did not deserve, for his desire was to have the Engine 
put right. If the reader will examine diagram No. 
30, on the steam side the small projection appears 
scarcely deserving of notice ; for where the instrument 
is small in construction, and contracted in action, tlie 



proper working of the Engine piston is not accurately 

shewn. Had these valves been set so as to have made 

a. figure similar to diagram No. 26, there would not 

Tiave heen a break-down even with one-third more 

N^work on. 

^k Diagram No. 31 was taken from another Engine 
^Belonging to Mr. Diceenson, of Blackburn, hj Mr. 
^Dickenson's own Indicator — the one which had been 
applied to the Engine which broke down, and which 
led him to doubt the indications of the small instru- 
ment sot forth in diagram No. 30. There requires 
no comment as to the state of this Engine, as shewn 
by diagram No. 31. Suffice it to say, the Engine- 
l, builder again ascribed the fault of the figure as arising 
Hfrom the irregular action of the Indicator; and bis 
Hopinion would no doubt have again passed as correct, 
"liad not the same Indicator produced diagram No. 32 
N on the same day at an adjoimng mill, belonging to 
■Messrs. Livse? and Rodgett, where the valves were 
■ properly set, the Engineer having a knowledge of an 
Ji Engine and miderstanding the Indicator. No better 
L evidence as to the proper state of the valves and 
B Engine ia required than the diagram itself. In this 
H case the condensing water was hot, and therefore there 
" could scarcely be obtained more than a 12tb8 vacuum. 
^ Diagram No. 33 was taken from the bottom of the 
B cylinder of an Engine in the neighbourhood of 
B Duckinfield. It will be observed that the steam was 
" admitted to the piston after it had travelled a great 
portion of the stroke. The vacuum was very im- 
N^jeriect, and the valves were altogether deranged. 
|Bk)iagram No. 34 was taken from the same Engine, 
"^nncr the valves bad been adjusted. The Engine, on 
being indicated for the first time after the alteration. 
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DUGKAX Ko. 31. 

Tibm /mm du Tip or' dU dlim^a- ef a CimJeiuixg Etgitt. 
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BuoBAH No. 33. 

ten/tvtn the Top of the C^tider o/a ConJamng Rigine 
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DUOKAM No. 88. 

TtAm Jinm ikt Bottom i/ tk* Cylmim- of a Oottduuing A^mk 
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DiAOBAH Ko. 34. 

m. the Bottom of the Cylinder of a Condetmng Ettgiae. 
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DiAOiuu No. 35. 

Taien from the Top of the Cylinder of a Condeneing Engine. 
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fcwed, by the diagram, that the steam was admitted 
rather too quickly at the commencement of the 
rtroke, and the vacuum is not so perfect as it 
u-ght to he. 
These defects^ when made apparent by the Indi- 
rrtxtoTf were afterwards remedied, and the Engine 
ade to work properly. The facta of this case are 
xplained more in detail in a letter from the Engineer 
■\vlio was called in. to adjust these derangements, a 
ipy of ubich letter is here given : — 



" DuckinJUtd, Fth, 22, 18S7. 
•'Mr HorKissoN : Sir, 

" I was seut fur lli^ ulher day, tn exauiiiie the atate of aa Eugiiie. 
X eoeltiee a copy of tbc diagraniB taken before aoA iifter tlic olieration. 
When I first got there, the teeth in the driving whoele went flying out, 
%i)d the holJ-Jo'WTi bolts were breaJtuig, wbilq the Euffiue could not turn 
httJf the work. It had been in this state for a week. Tlje viilves are of 
Hie D construction, worfcenl with Vartcy'B Patent Puna.* The Eiigineor, 
faDcying all troe not right, bcC to n*urk and altered the Oiuiie, nad furgut 
where they w^r^ fijccd b«f«re h^ alti^r^d tli^tn. CouBequeutly he wub 
ccmpletely lu«t. Thc-y seat ta us, uod I went tmd put th«m right, 
•aoertaiciag from the first diagram taken what waa uniss. 

" I lemaiu, yours truly, 

"ENOCH GLEDHILL." 

Diagram No. 36 was taken from an Engine belong- 
to Mr. Samuel Cooke, of Mill Bridge. This is 
lotber example of improper valve- setting, and of 
the most frequent cause of Engines breaking down. 

* *rL«« CiLniB u(« ■ Cfjaupliraied piecf (if vu\.riiiDery , and flilliT provo ttie wnlif pf 

■ infanrution m V> tlic cQiiBttucliiiD snsl " S'etliDg " of S(£ua Gogine vBlrn. The 

(mniuos eMcnliic oioljoo, with lufiicknl btcadLli on thi \-A\-f Tucp, will ipgulnte tfac ■laun 

'U ibc ptilaii M may bs duired, nnd vilh much Ikss uvsmnd tear ihim tbe patent Cuub. 

^nginHnAg. v wk^ ^% in. moic olhtf profneioni, " Kngatioit" dDTEmentt laku place ; 

i b tua loctlll; ba> tlii« fvat been cumnl to a grester cucent ibnn in lite lawn at 

' Bury. Itlritt «f thbnn, h»wei«r, haf c eoitd u cotnplitated actioit .gmenlly duel — in 

\v'Mf fniDi.l U> !•(■ *' good fur nothing" 
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The pressure of the steam iu tlio boiler, when this 
diagmm was taken, was SOtbs to the square ini 
Thii diameter of tho cylinder is 42 inches : tl 
thorouglifares each 20 inches long, and five inc! 
wide. The valves arc two short dides. When 
crank was at tho " plumb centre" the steam side 
tho Talvo was onc-oighth of an inch open tho 
width, and the exhaust side two and a half ini 
open. TLo pressure of the steam upon the pistt 
when the crank was at the "plumb centre," 
20ftjs per square inch above the atmosphere. Wb' 
tho crank had passed the centre, the steam 
reduced down to 5H)s per square inch, which was 
the Engine required for tho work it had to do; 
this amount of pressure ought not to have 
exceeded at any time for the amount of jxjwer givi 
out, imless the valves had been sot to work the steam 
expansively. Aa before observed, 20H>3 was brought 
upon the piston ; but this 20ftis did not act as steam 
giving out power to work the machinery, but o; 
as a force to break up the Engine. The great etn 
thus cast upon the Engine would in time hare ca 
the foundation to give way ; and there was eve^ 
probability that either the beam, tho beam centres, or 
the crank would break. Sucli occurrences are not 
unfrequent. When they happen they am often 
ascribed to anything but the proper cause; and 
prevent the recurrence of such disasters, stron 
parts to the Engine are substituted as the others 
deemed too weak^when, in fact, they were fully 
strong enough had the valves opened and closed at 
the proper time, and at a proper speed. 

In tho case now under consideration, the valvi 
wore act and left working without the Indicat 
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Laving been applied, although the proprietor had one 
in his possession. The result was, the valves were in 
the state described. If the proprietor had not known 
the use and advantage of the Indicator better than 
the Engineers who erected big Engine, in all proba- 
bility it would have continued in the state as left by 
them, until it had tumbled to pieces. To remedy the 
defect, the valves required more lap, and less lead on 
the steam side. With the size of steam-port provided 
in this case, the opening would be too large at the 
beginning. In such a ease the required opening can 
be obtained and regulated by cutting the valve edge 
in the form of the letter V, as shewn in the annexed 
engraving. 

No. 36. 








„,<.:— 



A, tht V abiipcd grove niaile in tic Valve edge. 



The V portion is taken out at a, that the steam may 
he admitted upon the piston gradually; the dotted 
line shewing the amount of lead (or no lead) on the 
steam side when the crank is at the plumb centrei 
before the valve opens to full pressure. 

It will at once be seen that as the valve moves 
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BiAO&AH No. 37. 

Taken from the Top of the tame Sn^e CyUndtr at No. 35. 
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forward, the opening gradually increases in size. Tlie 
crank will liavo passed the centre before the valve 
hns opened to the whole length of the thoroughfare, 
or ao much as is required ; the strain will thereby be 
taken off the Engine, and the piston and crank will 
be prepared to receive the full pressure of the steam. 
By these means the force exerted is properly applied, 
instead of bein^ expended in a dead lift upon the 
beam, the centres, and other parts of the Engine 
itself. By adding more lap to the valve, the steam 
would he Kooner cut off, and more pressure thereby 
brought upon the piston during the time the valve 
was open : thus working more expansively, and 
consequently more economically. This ought to have 
been the case in the instance under consideration, as 
there was 30fts pressure in the boiler- We often find 
that the pressure in the boiler is no criterion or 
measure of the pressure in the cylinder, or the power 
the Engine is exerting; and it often happens that 
where there are no means of indicating the Engine, 
great discrepancieg arise, and alterations are made 
without data, or knowledge of the real state of the 
Engine. These generally result in loss of fuel, in 
repairs, and in loss of time. 

Diagram No. 37 is from the same Engine as No. 35. 
It will be perceived that the steam expands to the 
lowest practical quantity, making the most of it, and 
taking little water to condense with. It will be 
apparent that the steam is not so soon on the piston, 
and that the exhaust opens earlier. A very slight 
alteration made the difforenee as before explained. 
The following letter vras received with the diagram : — 



•< liatnfJfit, M«r £,mA, U«y 3«|A, |861. 
' MemnL Horxnraos & Oo : 

" Gestldcen. — We hare [nai!« the ttltentioe (soggnted hj 
UorKuiBos, whfD loot bcre) oa tha edaot ^de of the 
tite wsvy liM on the ■tesB Bi)a^ we (U& we bare now i 
fur di^gnm. Endosed we bog to faaad a oopjr. 




" And remtn ymn nqnetfolly, 

"SAMUEL COOKE & SON.' 

EXAMPLES PSOilL VARIOUS ENGUiEa 

Diagram No. 38 is a double diagram, from 
En^c belonging to Mr. Lemtno, of Bradfor 
Yorkshire. In a dry season, water in Bradford 
scarce, and Engines are sometimes unable to work 
want of it. The t*mpcratnre of the condcnsi 
water often exceeds HO degrees Fahrenheit at 
time it is required to bo used in the condenser. 

The low-pressure diagram shews that the valve 
au£Qcient lap to cut off the stcam^ at one half the' 
stroke. The form of the valve was a long slide. The 
prc&sure of steam in the boiler was 7tt)3 to the square 
inch above atmospheric pressure, and ii'Tfts upon the 
piston at the commencement of the stroke, and a 
lOtbs vacuum at the termination. The high-prcssuie 
diagram shews the steam to have been at 17ft)s on the 
piston above atmospheric pressure at the commence- 
ment of the stroke : cut off at one-tenth of the 
traverse of the piston, by a revolving expansion valve, 
described at pages 81 to 84 : the steam in the boiler 
was 26lb8 pressure to the square inch above the 
atmosphoro, and an increased vacuum was gained of 
Ijllbs at tho termination of the stroke: the lowi 
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ire being only lOtbs^ and the liigb-pressure 
5s : thus shewing the advantage of high over low 
1, where the condensing water is Lot. Even 
the water is not hot, tho result wiU be similar, 
may be taken as a good example, both with low 
^ high steam, shewing the advantage of proper 

Diagram No. 38. 
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jment on the part of the Engineer — making 

fmost of his steam according to the pressure. 

rorking on the expansive principle, l)y giving the 

valve a;U the lap possible, after putting in new 

ra anil a revolving expansion valve, the advantage 

Lpparent. Both fuel and water were saved : the 
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90-8 Steam. 



.13-3 Arenge 

Pia^ram Xo. 39 is an example of an 
hario? wide steam ways, the eshaust mucli lead, i 
the condfiisrr largo. It was taken by the Imiiat 
with the second or high-presaure spring attached. 
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Here we have an EngiDe with a Tacuuiu ayeraging 

rly 13tbs to the square inch, with 291ba pressure of 

im at the commeucemcnt of the stroke, cut off at 

le half the length of the cylinder; and at 

le termination of the stroke there is 6H)s above the 

losphere to condense, This is a proof of room in 

le side-pipes and the condenser, and also of the valve 

iving much lap and much traverse. The result ia 

escellent vacuum. 

From this diagram it will be seen that at the com- 
lencement of the exhaust the vacuum is ISlbs, and 
it averages, for the whole leng;th of the cylinder, more 
than 13lbs ; thus shewing the great power performed 
by the Engine, principally from having its valvea 
properly set, and pleuty of room in the thoroughfares 
and condenser. On the steam side the average 
pressure is upwards of 201bs ; making a total average 
of steam and vacuum, 33'2tbs. Take off the friction 
for the Engine and shafting, and the available power 
ift softs to the square inch. The speed of the piston 
was 350 feet per minute. Compare this Eu^o with 
its load to the nominal horse-power Steam Engines 
are calculated to drive — calculation being Tibs to the 
square inch available pressure upon the piston, 
travelling at the rate of 220 feet per minute, 
Accordin g to Watt's calculation, a 26 inches 
diameter cylinder will give 24 nominal horse-power ; 
a calculation still followed by Engineers. Suppose 
the pressure were increased from 71bs to 301bs to the 
square inch, and the speed to 360 feet per minute, as 
in diagram No. 39, the 24-hor8e Engine would, 
providing the parts were strong enough, be working 
seven times the nominal power the Engine was calcu- 
lated for, with a proportionately less consumption of 
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coal and water for the work done ; a matter of 
sideration to proprietors of Steam Eugines. 
Eng-ines, however, are preyented from working upt 
the power they could be worked at, for want of room 
in the valve-box for the necessary traverse, and from 
having a crippled condenser. Where Cornish and 
equilibrium drop-valves are nsed, the fault of the valve, 
box being too short is compensated for; but in fiar too 
many cases the thoroughfares are too contracted. 
There ought to be no practical difficulty in the way of 
having steam ways and valves made sufficiently brgc, 
A great advantage arises therefrom, when the Engine 
becomes loaded ; and at all times this construction 
produces a saving of fuel, by giving the steam free 
access to the piston, and free egress to the condenser 
or to the atmosphere, as the case may be. When the 
steam in the boiler is of suMcient pressure, and tlic 
pipes and thoroughfares small, the deficiency is often 
in the exhaust passages, whether the Engine be » 
high or a low pressure one. The steam in such case is 
not used up, because the load on the Engine is too 
great ; consequently the steam has to be kept on the 
piston at the expense of fuel, and very little expansion 
caji be obtained. 

No. 40 diagram, and also No. 41, were taken from 
a double-cylinder Engine, in Stockport, construct^^ 
upon Hoknblower's principle. ^H 

No. 40 was taken from the bottom of the high^^ 
pressure cylinder, and No. 41 from the top of the 
low-pressure cylinder ; the steam first operating in a 
email high-pressure cylinder, and then expanding in a 
large condensing cylinder. The steam in the boiler 
was G61bs to the square inch above the atmosphere. 
Diagram No. 40 shews a vacuum of 6fts in the higi 
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rare cylinder on tlie exhaust side, winch is the 
It of the pressure on the steam side expanding^ 
w the atmospheric pressure; and it also shews 
the Engine was making an excellent vacuum in 
soudensiug cylinder, as shewn by diagram No. 11. 

DuORAU No. 40. 

Faien from the Bottom of ihe Htgh-praaure Cylinder. 




a Qzhaust-yalre opens too late and closes too late, 
e power of these two Engines, of two cylinders 
&, united, is 960 horse, as shewn by the Indicator. 
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The consumption of fuel was SJlba per hour per horu 
power. In these Engines the principles of "Woufe and 
HofiNBS'OWEft are well carried out — viz, : expansion 
of steam by means of two cylinders, and the steam at 
high-pressure, with Wolfe's boilers. It is now mow 

Diagram No. 41. 

Tttten Jrxtm. tht Top o/ the lovrprtssare Cyiinder. 





v\ 




' ^ 




"\ 




/... 




1 ^ \ 




/ *°" 




/ "• i 


/T5 


iV3 


y 4-5 


13-5 


y^^''^ li-5 


13-8 


^— _6__ 


ID. 



ft- 



than sixty years since these principles were laid down 
and partially carried into practice. Up to the present 
time they have not made much progress. This is to 
be attributed to the great prejudice in favour of 
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ictio&& acd old modes of practice, which had] 
be orercome. Nothing has so much tended to 
the prejudice existing in the minds of Ei 
■giioii these principles of tme economy of powtr,j| 
the use of the Indicator; for that instnunent 
tnnde apparent the real facts as to the power and 
rdatiTe working cost of all descriptions of 
■nd hu thiia become an unerring test of the 
tennons pot forth in support of any 
constmctioD, speedily shewing whether these 
founded only on conjectare, or whether they 
bet for a hasi&. 

Diagram No. 42 was taken on the 13th Jant 
1859, from an Engine belonging to Messrs. Oldi 
AXD Sons, Dewsbury. The diagram shews the 
on the piston for nearly the full length of the 
The D ralre bad litt3e cover or lap, with the 
square, or straight across ; so that when the 
opened at the commeneement of the stroke, it 
too quickly, admitting too much steam upon t1 
piston before the crank was in a proper position to 
receive it. In this cnse a singiilar coincidence 
occurred during the time the author was taking the 
diagram and explaining to the Engineer the cause of 
the irregularity of tbe working, and the injurious 
effects arising from valves act as descrihed. The two 
lines on tbe diagram are produced by the throttle 
valve bein" too large, opening too much at first, and 
admitting too much stc-am, causing the Engine to 
start and jump, and throw out the governor- halls to 
their utmost extent. By this action of tbe governor 
the valve was closed too much, checking the speed of 
tbe Engine, which occurred about every three strokes, 
and then there was immediately an extra start 
again. Whilst the author was explaining tl 
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defects, and the caase of them, a break-down occurred 
to a pair of driving-^?heel8. This ought not to have 
caused surprise, as it was only a natural result from. 
the improper setting of the D valves and the faulti- 
ness of the throttle-valye. 

Were Engineers to mind this particular point in 
the setting of their valves, and also see to the proper 
sue of the throttle- valve, which ought to vary 
according; to the pressure of steam in the boiler, their 
Engines, wheels, and shafting would last much 
iger, and cost less in repairs, 
e Engineer in this case could not agree with the 
irtj as established by the diagram, that his Engine 
ves were improperly set—" because," as he said, 
>e had had great practice with Engines." He 
luld not accept the facts pointed out by the Tndi- 
eaior, because of that most silly of all reasons — long 
habit in a certain rule and routine. Wo have learned 
aince, however, that the valves of thia Engine have 
been altered and improved. 

The following letter, with diagram No. 43, was 
received from the Engineer whose name it bears : — 

» Butteraliaw MUU, May 2%th, 1862. . 

"Mcaan. J. Hopeinbon & Co., EDginecra, Huddersfeld. 

"Gbstlkmkn, — Will jou be ao kind jib to give me jour opinioa tm 
tc vb&t u the caiuo of tUe encloBed diagram bebg so irregular f | 

'• I waa tusked by a friend of inine to indieata one of his Engines, and 
the following U the result. Ur. MlAKcn_jj<T, the maJcirr, does not believe 
tliia dingraai to be correct. 

"I liave ttied tlie higL-preeaare Bpriug, and there lb the Same result. 
T may also add that I am taltc a cl«fir and Bt«ady djogmm from oS our 
Enginee at Meeere. S. Bottomlky asd Bkos,, Biitterehaw Mills, Nurth 
Eierley, with tho Bamo Indicator. The Indicator ia one of your make. 

" Please reply by next poat if you iwsBibly can. 

*' YourB, &e., 
» "WILLIAM KELLETT." 
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Tlie diagram shows that the steam is too early at 
the h^inning of the stroke ; and when the vtln 
opens, the opening at the commencement is too larg^ 

DiAanAM No. 43. 

Taimjivm the Top of the CjftintUr. 
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admits tho steam too fast, causing the Indicator 
piston to rebound, and thus giving to the diagram 
an irregular line on (he steam side. 23fbs pressure 
is brought upon the piston when the crank is at 
plumb centre. Less than one-half of that pTessure 
would be more than required when the crank was 
in a position to receive it if the valve had Ipks lead 
and less openiDg at the beginning'. There is no 
wonder that Steam Engines are broken down where 
valves are set as shewn by this diagram. "Were 
Engine builders to use the Indicator more, and study 
its diagrams, they would soon discover many tilings 
to their own advantage, and that of the proprietors 



of Steam Engines, 



had the Engine maker 



In. the case before us, .^^ ^^^ 

believed less, and ascertained more of the fact, what a 
difference he would have made to the working of the 
Engine by properly setting the valves. But, relying 
on his "belief, " tho Engine will continue to work 
until it tumbles down, which will assuredly take 
place, if not altered. When broken down, there 
probably will be the old excuse : " she has been, too 
heavily loaded," or '* the kind of work she has had to 
do would break the best Engine ever made." We are 
glad to learn that Engine-men are evidencing 
increased interest in the management of the Steam 
Engine. Porraerly, they were content to take the 
opinion of the builder when anything went wrong; 
but fiinco the use of the Indicator has become more 
general, tho Engine-men are taking their proper 
place, and teaching the builders of Engines practical 
facts connected with the Steam Engine worthy of 
their attention. In the case before us, the Indicator 
pointed out that there was a reason for the diagrams 




can aooompUsk | 
Ok rtaige of the Engiooj 
«f dm who done md cncoonge improre^ 
1^ Ui o«B ■nflag^Bg energy and industn 
Id tte pnwtiwi he now occupies in tlj 
veiid. Tbe ose of the Indicator Iiai 
to Um ft fi&Tourite etudT^; and through iti 
be ha* been enabled to effect great anj 
inprorenusit in tho working of hia Eng:ine9, 
&MlMd of being veddtMl to tlie idea, as nro a large 

Indicaior 
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DlAGRAH No. 44. 

T<utm/rom the Top 0/ (A« Cylinder of a Condettiing Sngitu. 
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best» be prefers, and has had specially inade» a Tery 
large oiie» with which he indicates the working- of Im 
Engines — practice having proved to him that tlie 
smaller instruments are not sufficiently sensitive in. 
their registration of the real working of Engines, 
The diagram hero given was not taken hy the large 
Indicator, hut hy one of the usual size, made by 
Messrs. HoPKiNsoN. It will be perceived that the 
vacuum is equal from the beginning to the end of 
the stroke ; the steam is cut off early, thus allowing 
it to expand lOfcs helow the atmosphere, leaving very 
little to condense at the termination of the stroke. 
Thus the stenm is used up to its last practical 
impelling force — a proof of most excellent woi 
resulting from skill and knowledge. 

Diagram No. 45 was taken from one of a pair 
Beam-Engines belonging to Messrs, John 8h.aw a; 
Sons, of Stainland. These works are situate be 
Huddersficld and Halifax, and, as a woollen mani 
factory, are not surpassed for substance, arrangeme: 
and order. The Engines were made by Messrs. Jo 
Wood and Co., Lock Hill Poundry, Sowerby Bridge. , 
The cylinders are 37 inches diameter, with 6 f€^M 
stroke* the piston making 26-i strokes per minute^ 
travelling at the rate of 318 feet per minute. Th^ 
expansion of the steam is regulated by the govemoi^^ 
BO that in proportion to the work and the pressure in 
the boiler, the expansion is increased or diminished. 
When the work on the Engine varies, the governor 
causes the valves of the cylinder to be moved partially 
round, and vice versa; thus cutting off the stea^f 
earlier, or keeping it on the piston longer, by th^ 
position of the diagonal thoroughfares in the valv* 
— these being of the form known as piston valves. 
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ngines work night and day, and therefore 
tie time for examination and repairs. The 
a the hoiler when the diagram was taken 

D1A.OKAM No. 45. 

tm tAe Top of Ae CyHtder of a Cwtderuing Engine. 
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was SOHis to the square inch above the atmospt 
Since that time new boilers have been put down, and 
the pressure increased. According to the diignim, 
17Bjs per square mcb was brought upon the piston at 
the commencement of the stroke, that preesure being 
admitted in a proper and easy manner. The steam 
was cut off after a Tory short traverse of the piston, 
expanding down to a very low temperature at tiie 
termination of the stroke, making an average vacuom 
throughout of 13ft)s per square inch. 

It wUl be seen that in this and tho last case^ tbe 
Engines were not over-loaded — thus enabling them to 
use up the ateam to the furthest practical limit. In 
both cases, the average consumption of coal of inferior 
quality was Slbs per horso power per hour. Had 
these Engines double their present amount of 
work to perform, the consumption of fuel would 
be greater in proportion to the power obtained, 
because the steam at tho termination of the stroke 
would bo proportionately at a greater pressure, and 
would have to be condensed before it had expanded to 
its extreme limit, and would only realise the same 
amount of vacuum. 

Such a pair of Engines and Engine-house as are 
to be Been at tho works of tbe Messrs. Shaw are 
unsuTpaaacd in tho kingdom, either for appearance, 
cleanliness, or attention. The Engineer, Mr. RoBDJ'- 
soN, has tbem in such order that those who sec them 
— and many go on purpose — have a treat of no 
ordinary kind. 

Here also the Indicator has been at work — the 
Engineer by his skill and knowledge of a diagram 
when taken, having been able to accomplish improve- 
ments in, the working of his Engines, until he haa 
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realized what is shewn by the diagram. Many others, 
Bimilarly situate, are using nearly double the quantity 
of fuel for the same amount of work done— simply 
because they prefer managing by " rule of thumb," or 
as a sage once observed, they " grope their way." 

The last two examples of Steam Engines are nearly 
equal, for use, beauty, and good management. The 
^Engineers in both cases owe their present position to 
having early instructed themselves in the use and 
adTanta.ge of the Steam Engine Indicator ; and the 
results they have attained afford an example which, 
if foUovred by others, would be of lasting benefit to 
themselves and their employers. 

Diagram No. 46 accompanied a copy of a 
Report sent to Mr. W. H. Aston, Zetland Mills, 
Hudderafield, from the " Sudderajield 2)istrict Asso- 
ciation for the Prevention of Steam Boiler £lxplosionSt 
and for effecting economy in the raising and use qf 
Steam," 

" Boiler Shell in vorking conditioD. 

" Safety VaJve in. working condition, and blowing off &t SOIbs. 

" FreHBore per Steain giiage, ^ilba per Equ&re inch. 

" Freunre per Indicator 348« do. 

" Temperature of trijfiction Water, 50 degrees. 

"In Hot-well 62 do. 

"ThU Engine and Boilers, with tliGir itppendagpg, are in worHng 
condition. The iDcloeed diA^ram shews tliat the Engine is eq,ual to 
3'2-bone power. The eificieucy of the Engine wouH be increaaed bj 
opening the eduction porta a Little earlier, and I should be happy to gJTfl 
ioBtniction relating thereto. 

"JNO. RHODES, Inepector." 

If the reader will examine the diagram, he will 
observe it presents a groat diiference to the two 
preceding diagrams, both in size and form — this 
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diagram being the full size taken by the Inspector's 
Indicator. In all three casea there was a Birailar 
pressure of steam in the boiler, viz : SOibs per square 
inch above atmosphere. Yet in the case reported oa 
by the " Huddersficld Association," the steam 

Diagram No. 46. 

Taixn jr^m tht Top of tht VyliwiUr &/ a Condenting En^nt, 







introduced to the piston Itb below atmosphere, ai 
there was steam to condense at the end of tho atrol 
61bs below atmosphere. The condensing water was 
60 degrees temperature, though only producing 



^B^ vacuum. Yet the Inspector declares the Engine 
y Tje "in working condition," and only suggests that 
-ti-lie eduction ports requiro opening a little earlier." 
^^There requires little or no comment on this report. 
^Ke exposure of the lines recorded by the Indicator 
Hd tbcir own story. But as this report waa from. 
HjSociety which attempted to instruct and improve 
^■e minds of Engineers by reporting upon their 
Hfccts, perhaps it may not be out of place to shew 
^mat little dependence can be placed on such exam- 
.22ntions. Were this the only instance of the 
inefficiency of such esaminations, it might bo over- 
^oked; but as there are many others of a similar 
^hss, it is important that the public and the members 
^K such Associations should he acquainted with the 
^■al facts of the case. 

^B In the first placcj then, when alluding to the boiler, 
^Ke Inspector reports the safety-valve to be in work- 
Hlg condition, blowing off at 30His per square 
Hfich ; and then he immediately says, " pressure per 
^Beam ^uage, 34Ibs ; pressure per Indicator, 34Ibs." 
^■ow could there be 34lhs pressure in the boiler, when 
^Be safety-valve is reported as blowing off at SOlbs ? 
H'bat, however, is not of very much importance. The 
^Kagram is much more important, and to that, thorc- 
^Br^, wti refer. The diagram shews that the valves 
^■bqoired more lap, and the eccentric putting forward, 
^whereby the steam would be cut oS earlier ; the 
^■cboust should also be opened and closed earlier, 
^ETing a greater pressure at the commencement of 
^■la stroke, and less at the termination ; thus using 
^B8S steam, and requiring less water for the purpose of 
^■l^ensatiou. The vacuum is only 1 libs per square 
H|R^the consequence either of steam passing the 
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piston and yalves, or from a deficiency in the joints. 
the pump, or parts, admitting air, and destroying the 
vacuum to the extent of at least 2ibs ; thus requiring 
more water to condense with, and unneces 
loading the air-pump. 

What is there to prevent this En^e from making 
a similar diagram to the Engines belonging to Messrs, 
John Shaw and Sons, Titus Sai-t anb Sons, or 
other parties set forth in this explanation of diagrams ? 
The Engine in this case was consuming considerably 
more fuel than in the two cases specifically referred to. 
Still it was reported upon by the Inspector, as being 
" in vvorking condition." Such a report would not 
have passed muster with the two firms just named, as 
the parties to wliom it would have been submitted 
would soon have notified to the Association that an 
extended knowledge of both Engine and instrument 
was requisite, before reporting what was necessary 
to be done to put the Engine in proper working 
condition. 

In the working of some of these societies, there is 
too much officialism and mystification of simple 
defects. It would be much better were plain and 
practical instructions vouchsafed to the Engineers, 
instead of a system of inspection that incites to the 
idea of " safety," when in reality the reports are 
generally framed upon information given by those 
reported upon. 

Since the third edition of this work was published, 
the society above referred to has ceased to exist. The 
incompetency of its officers to teach others was 
frequently made manifest while it was in existence; 
and its committee of management was equally 
unskilful. Men were placed upon that committee 
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•re on account of tbdr position and wealth than for 
f practical Imowlege they had acquired on the 
>jeet of Steam Engines and Steam Boilers. 
Diagram No. 47 was taken &om one of the Engines 
onging to Mr. H. B. TATiiOB, Huddersfield. The 

DiAOBAK No. 47. 
Vaien from the Top of the Cylinder oj a Condenting Engine. 
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Bteam is only partly on the piston, and no vacuum 
formed. The Engine run, but could not do its vr< 
To all appearance there was no particular 
deranged. The Engineer obtained an Indicator a; 
applied it. Ttiis shewed the defect to be in the 
valves. The inside connecting rod of the D valve waa 
found to Ije broken ; the top valve, therefore, remained 
stationary, though the bottom valve worked as usuaL 
The defect was soon repaired, and the Engine a^ia 
at work. Had this case been in the hands of an 
Engineer who did not understand the use of the 
Indicator^ thia simple derangement might have cost 
the proprietor much nxoiiey and loss of time. 

In a case at Messrs. Lockwood and Keighley's, 
Huddersfield, where they have a forty-horse Con- 
densing Engine, with D valves, an alteration of tho 
Engine was made. New side pipes and two short 
slides were applied, the Engine speeded, and a new 
monster boiler put down. Six weeks* time was 
occupied in making the alteration, and more than 
£1000 spent. When again at work, it was found that 
the short slides, with the boiler pressure upon them, 
required a much greater amount of power to move 
them than the former valves. The first disaster was 
the breaking of the rock-shaft, entailing another 
stoppage. The next discovery was, that for the same 
amount of power given out, nearly twenty tons of 
coal per week were consumed more than before the 
alteration. The new monster boQcr was of largo 
dimensions — a "monster" more in name than in 
reality, as a steam generator. It was of a great 
length, and was looked upon to be powerful in pro- 

{jortion to that length ; a mistake foond out long ago 
)y those who have paid attention to the subject of 
steam generating. 



After all this expense had been gone to, time los^4 
•nd the old D valveB and side pipes melted up, 
althougli they were in capital order, a third party had 
to be called in to restore the Engine to its original 
iiorm, except the speeding. The side pipes with the 
short slide-Talves were removed, and fresh side pipes 
afilxed, with D valves. This second alteration entailed 
another stoppage before regularity could bo obtained, 
and the consumption of coal reduced to its former 
standard. That such cases do occur need not be 
vondcred at, when we find parties professing to bo 
Bn^necrs and Engine-builders ignorant of the use of 
^be Indicator. 

No. 4S diagram is from a pair of Direct Acting 
Tertical Steam Engines belonging to Mr. Cheetham, 
Crab Tree Mills, Oldham. They were made by 
Messrs. WoLSTEN HOLME AND Rye, Engineers, Old- 
liam. The cylinders are 22 inches diameter, with 
four feet stroke, making 47 rerolutions per minute, 
the piston trayelling 376 feet per minute. This is 
good speed for a four feet stroke. The Engines 
were turning 150 indicated horse power, and only 
consuming 2ilb8 of inferior coal per hour per horse 
power. Were the coal of good quality^ there wotUd 
not be used more than Sijtba. The pressure of the 
steam in the boiler was 36Ibs above atmosphere. On 
examining the diagram, it will be observed that the 
steam was brought upon the piston at the commence- 
ment of the stroke at 23'5ttis, and cut off at about a 
seventh the length of the cylinder^ the remainder of 
the stroke being worked by expansion to lOlbs below 
the atmosphere* making a ISlbs average vacuum, 
with warm water to condense with. 
^■This diagram Avill, to many, appear singular when 



DUGKAH No. 48. 

Taken from, the Top of the Cylinder, 
by Hopiinton'i Indicator. 
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it 18 stated that the ralves arc of the ordinary O con- 
struction, and worked with the common eccootric; 
proving that the D valve, with the ordinary arrange- 
ments, can be made to cut off the steam at any 
portion of the stroke, where the thoroughfares and 
valve-boxes are properly constructed. This case is also 
an example of steam being used up, by being brought 
upon the piston at the highest pressure, and parted 
Tith at the lowest possible pressure. 

The direct acting principle is here proved to he the 
true one. Had there been a couple of heavy beams 
to swing about, at the speed attained by the construc- 
tion, adopted, the consumption of fuel would have 
been greater. It should always be home in mind 
that a heavy mass of matter cannot he started from a 
state of rest to a speed of nearly a hundred oscillations 
per minute, without the consumption of a great 
amomit of power. There still exists a prejudice in 
favour of Beam Engines ; hut the time %vill come 
when they will be spoken of as amongst the things 
that were. The old assertion that the D valve cannot 
be made to cut off the steam at less than half-stroke, is 
here completely refuted ; and parties who have adopted 
complicated apparatus for working valves, may bid 
adieu to antiquated notions, and rest assured that 
aimpler principles and adaptations will ultimately 
Bucceed. In the locality of Bury there appears to he 
a sort of mania lot cut-off motions and cams to Steam 
Engines, which proves the want of a knowledge of 
first principles, and this too amongst parties whose 
experience ought long since to have taught them that 
the simpler the construction of the parts of a Steam 
Engine, the longer those parts will wear, and the 
better they will work. 

SI 




Diagram No. 48 is a specimen of the true worl 
of an Indicator. The Engine was making 47 revo- 
lutions per minute, without the slightest " trembling" 
—proving that the vsXvea were well set. This case 
shews that the Indicator only makes "jumping" and 
** aig-zag" diagrams when the valves are badly set. 

Diagram No. 49 is from a Beam Engine belonging 
to Mr. Abeaham BuiEaLEY, Spa Hill, Lepton, near 
Iluddersfield, It is an illustration quite opposite 
in character to that of Mr. Cheetham's (see diagram 
No. 48)» whose Engine is made to use up the steam 
to the last impelling point, whilst this is using the 
utmost steam possible, and consuming more than 
three times the quantity of fuel that ought to be 
consumed for the work performed. Considering that 
there was 301bs pressure of steam in the boiler above 
atmosphere, which ought to have been made available, 
we cannot but attribute the glaring mistake which 
has been hero committed, to the want of a knowledge 
of the properties of steam. 

In this case the owner suffers a heavy loss from 
extra expenditure in fuel ; and, what is still worse, no 
improvement can be made by "lapping" the Talves. 
The valve-box is too short to allow of extra "lap," or 
traverse. The best course to take with this Engine 
would be to dispense with the present side pipes and 
valves, and replace them with the ordinary D, or 
double-beat Cornish valves, so set, that the pressure 
in the boiler could be made available, and expanded 
to the proper limit, before leaving the cylinder. 
Much less water would be required to condense with, 
less power to work the air-pump, and there would be 
less wear and tear in the different parts of the Engine 
and boiler. At page 60 the " bitting" of thorough- 
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I is taXty explained, so as to enable the Talve to 
>ffthe steam early. In tlxis case, that mode has 
. resorted to as a temporary relief, since diagram 
49 was taken. The result luis been a great saving 

DlAGBAH No. 49. 

'^ahnjnm the Top oj ike Cylmder of a Condentiry Sngifu, 
mtk a Tkne-port Valve. 
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DOTTBLE BIA.&BAM — "No. 50. 

Taken Jrom the Top and Bottom of the Cylinder of a Condetuing 
Snffine, with D Valves, 
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of ftiel, and the Engine working better. Were the 
Engine heavily loaded, the thoroughfares would be 
found too small, "unless the exhaust had a great 
amount of lead, 80 aa to get out the steam early ; and 
this would be a loss in proportion to the extra lead. 

The double diagram, No. 50, was taken from one of 
the Engines belonging to Messrs. Hyde, Sons, ani> 
SowEflXY, of Duckinfield, and is presented as an 
example of even valve-setting. It shews that the 
steam and vaeuum on both sides of the piston were 
alike, and that the Engine was working steadily. 

An Engineer, when indicating his Engine, to 
ascertain its real state should take a double diagram, 
by which means he will see the slightest difference 
that may exist in the working, from the admission of 
Bteam to the upper and the imder side of the piston. 
A double diagram can be taken with greater ease than 
adjusting a second paper for a second diagram, as it 
only requires that the one paper should remain on the 
barrel untouched, until a diagram is taken from each 
end of the cylinder. If the parts of the Engine be 
properly balanced — which they ought to be where 
steady turning is req^uired — it is essential to indicate 
both sides of the piston. With valves evenly set, and 
the parts of the Engine well balanced, leas wear and 
tear will be the result than where these points are not 
attended to. 

Diagram No. 51 was taken from one of & pair of 
high-pressure cylinders* compounded, belonging to 
Messrs. Geo, Andrews and Sons, CompstaH Milla^ 
near Stockport; and diagram No. 52 was taken from 
the condensing cylinder, into which the steam from 
the two high-pressure cylinders exhausts. 

The diameter of the high-pressure cylinder is 12 1 
inches, length of stroke 24 inches, maldng 72 strokes 
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DuaKAH No. 61. 

Taim jTomthe Top 9/ one of a pair of Iligh-prtmirc Cylindert o/c 
Compmmd Engine^ eiAauitimff into a Zoto-prttmre Cylinder. 
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DiAfiSAic Ko. 62. 

fivm the Top 6f the Loa-premin C^liitder of a (ha^pomtd 
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per minute, the piatona traTelling 288 feet per minui 
The total area of the two cylinders is 250 sqi 
inches. 

The diameter of the low-pressure cylinder is 
inches, length of stroke 6 feet, making 2iJ strol 
per minute, the piston travelling 294 feet per minui 
Area of cylinder 976 inches — heing nearly four tii 
the area of the two non- condensing cylinders. 

"From an examination of the high-pressure diagr 
it wUl be perceived that the steam is cut off heforo 
the termination of the stroke ; and that, with the less 
number of feet travelled per minute^ the high-pressure 
will be about one-fifth the capacity of the low- 
pressure cylinder — thus making the proportions about 
five to one. The pressure of steam in the boiler is 
651b8 above atmosphere; the pressure on the high- 
pressure piston is 45Jbs, for nearly the full length of 
the stroke, with a back pressure throughout the stroke 
equal to 12tbs per square inch. Thus 121b5 is made 
available on the low-pressure pistooj as will bo 
observed by examining the low-pressure diagram. 
The pressure of steam brought upon the piston of 
that Engine is lllbs at the commencement of the 
stroke, cut off about half the length of the cylinder, 
expanding the remainder, and making a vacuum of 
nearly 14tbs. The indicated power of the High and 
Low-pressure Engines combined, is 250 horse. 

The consumption of coal in 77 hours was 22 tor 
l7cwt. 2qrs. ; being at the rate of 21bs lOozs. per 
indicated horse power per hour. The steam is 
generated in an ordinary double fire-box boiler ; and, 
this considered, the whole presents an example of a 
compound Engine rarely met with. The cylinders for 
the high-pressure are much less in diameter than 
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03C foT most Compound Engines, compared to tho 
iizc of the low-pressure cylinders. The valves of the 
low-pressure are set as if the steam was admitted 
direct from the boiler. They have been 60 set in 
accordance with the instructions given in the second 
edition of this work, the Engineer having the fiminess 
to act upon bis own convictions in opposition to the 
recommendations of the Inspector, who Tvaa opposed 
to the alteration. The great saving of fuel, and the 
steady working of the Engines, have proved that 
officialism may be wrong as well as mere guess-work ; 
§Dt inspection without experience, and assertions 
without reason, are poor materials with which to mate 
iotprovemouts. Something more than mere literary 
display in report-making is required to impart 
instruction in the practical working of the Steam 
Engine. 

Diagram No. 53 is taken by the same Indicator 
as diagram 52, and is from an Engine at another mill 
belonging to Messrs. George Andeews and Sons, 
Compstall, near Stockport. This example ought to 
convince the most prejudiced, that the Steam J^fgine 
teorka «« it is set to icork, and gives figures and 
diagrams according to the management. In these 
two instances we have two Engineers, in responsible 
situations, at two separate mills under one firm. One 
Engine is working by and to the Indicator^ and the 
other by "rule of thumb;" and although it is visible 
to the merest tyro in Engineering that the Engine in 
the latter case do^a not run properly, and must be 
consuming at least three times the quantity of fuel 
consumed by Engine No. 52, besides the constant risk 
of breaking the Engine up, as before explained, by 
having the steam too early upon the piston, the 
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Engineer in command perdsted in declaring that "ht 
was all right," and refused to have any alteration 
made. The diagram makes it plainly apparent thai 

DlAGBAH No. 63. 

Taken Jrom the Top of the dftiader of a Condetmng EngiM. 
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the valves are late in every point* both on the steam 
side, tuid on the opening and dosiiig of the exhaust. 
There is also a poor vacuum ; and much more water 
used to condense vrlth than ought to be necessary. 
This mode of valve setting causes the Engine to be a 
most nnmercifal gormandizer of steam. In fact, the 
case is like a mirror — strongly reflecting the wasteful 
consequences of mismanagement. 

Diagrams Kos. 54 and 66 are from No. 2 Engine, 
belonging to Messrs. Hyde, Sons, and Sowe&by, of 

DuoRAu No. 54. — Full Size. 

Taixn/rom Ike Top nf the CylintUr. 
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Duckinfieid. Tliey were taken by an Ins[ 
employed by tbe "Manchester Association for 
Prevention of Steam toiler MrplosionSt and 
effectiriff Ecoriomy in tJie raiding and use of St 
They are given hero for tlio further csplanation of ^ 
discrepancies which often arise from the use of 
description of Indicator known as the McNaught. 

From diagram No. 54, taken from the top of tie 
cylinder, it appears as if the Taives were too late; 
while from diagram No. 55, taken from the bottom of 
the cylinder, the valves would appear to be riglit. 

DiAGRAU No. 65. — Fm Size. 

TaJIxn from tin Sottom ttf the Cjflinder, 
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This is stated to be so in the report sent with tho 
diagrams, which is also here given: — 

fiSFOBT. 

" The eteam is rKtber Ute on botii sides of the piatoDB of Nob. 1 and 
2 Engines ; also on the top side of No. 2, -vrhicb a little fl4juHtiDent of 
die valvca will ratify. 

"SiGHKD-H. W. HARMAN, CAt<//njp8ctor." 

When this report and diagrams were shewn to the 
Eng:ineert he affirmed that» as it regarded No. 2 
Engine, the contrary to what was stated in the report 
was the fact. From his previous acquaintance with 
the deBcription of Indicator used by the Inspector of 
the Manchester Association, he was not surprised 
at receiving such a report, he being well aware 
that incorrect results were generally obtained with 
that description of instrument. To prove that his 
judgment was correct, ho had the two diagrams, Nos. 
56 and 57, taken from the same Engine by Hopkhj- 
son's Indicator. 

Here the top side diagram, No. 56, does not shew 
that the valves are too late — but, if anything, too 
forward. The diagram from the bottom side, No. 57, 
shews that the valves were too forward, admitting the 
pressure of steam upon the piston when the crank 
was at the plumb centre — the greatest evil an Engine 
can be exposed to— one that has cost proprietors of 
Steam Engines more expense and time from " break- 
downs" than aU other causes put together. 

The Manchester Association has yet to ieara the 
difierence in the construction of Indicators, and the 
necessity of using such as will give true dolincations 
of tho working of Engines and valves. Had they used 
that description of instrument which records correctly. 
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DuoBAx No. 66. 

Totot from the Top of the Cylinder by ffopHtuon't Indieakr. 







DiAORAx Ka 67. 

tm Ou Bottom 1/ Ike CpHrndtr tf BfUmtem'M /wfieofsr. 
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such a report as that given above would not hi 
been sent from their chief Inspector. In this 
instance, the proprietors determined to test the value 
of the report, and the valves wero altered according to 
its sug-gestions. The injurious eifects of these altera- 
tions, as shewn by the working of the Engine, were 
so apparent that the valves had at once to be set 
back ; and the diagram, which was stated to be correct, 
was so far altered as to have a rounding at the steam 
corner, instead of a projection. Tho Engines are now 
doing their work well, with the valves set in a rever$e 
manner to that recommended in the report. 

"We have often been called in to deal with cases 
under similar eircumstances. One instance was at 
Messrs. Aj)se£AD Beothebs, at Staleybridge. Here 
we found the Engines labouring under extraordinary 
diflBculfcies — 60Ibs pressure upon the piston, and a 
lifting at the centres sufficient to break the Engioes 
down. After indicating, and comparing diagrams 
with those sent in by the Manchester Association, we 
found that those taken by the larger and more sen- 
sitive mstrument were just the reverse of the diagrams 
of tho Association, as it regarded the working of the 
Engines and the setting of the valves. The cause of 
tho tremendous strain on the Engine was at once 



the valves 
in proper 



made apparent by the large Indicator \ 
were re-set, and the Engines are now 
working order. 

In very many instances we have demonstrated the 
superiority of the larger and more sensitive instru- 
ment, as a real Indicator^ to that of the construction 
used by the Manchester Association. This has been 
done by altering the Engines, shewing the Engineers 
the various stages of the process — taking diagri 
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at each slight alteration, — until the Enginea were 
brought, so far as regards their working, into a state 
of comparative perfection ; shewing also, at the same 
time, that the small Indicator would not indicate the 
slightest difference during the whole of the changes 
made. We fearlessly assert, that if either the Man- 
chester, or any other Association, continue to work 
to the indications given by such a class of instrument 
as they have hitherto employed, they are liable to 
serious mistakes, particularly where high-pressure 
steam is used. And then, the system adopted may 
be objected to on principle, " Office-Engineering " 
has not brought the Steam Engine to its present state 
of efficiency ; nor has the cotton manufacture grown 
to its present national importance under red taplsm, 
or official routine. It has acquired its status by fair, 
free, and unshackled competition, independently of 
all "authority ;" and if the continued progress of the 
Steam Engine is desirable and worthy of being 
promoted, that progress can only be secured by 
Engineers remaining free from divided responsibility 
— the industrious Engineer left at liberty to apply 
correct principles to sound practice without the fear 
or favour of official prejudice. 

On the occasion of a recent vacancy for the Chief- 
Inspectorship of the Manchester Association, Mr. 
EnwAaD Ingham, of Oldham, a practical Engineer, 
was one of three candidates selected by the Committee 
as most eligiblo for the office, and, we believe, was 
placed second in the vote. The following letter 
received from him„ treating upon this branch of our 
subject, wo here give, as corroborative of the remarks 
made : — 
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•' Croft Batik Mills, Oldham, Oct. SOlA, 



" Mr. EopiaNBOS 



" StB, — last ni^bt, in our Lecture-Toom, ve had a most inter 
diaoiUBiaii on the cDrnparatire merits and demerits of ' McNauoht i 
HoPENflOlf'a Jjulimior.' I endenvouxed to shew that nioet of 
olyertiona raised agftinst Hopkinbon's Indimlor were boBed apcin 
judiice &ni false notions. I told them how I myself had been dei:«iv 
with respect to the weight and area of the piston ; how yon had kindly 
atid lucidly sxplained to me the fallfkcy of those uotioDs j nud h<av we 
were all of us apt to form erroaeoua notiona wlien led by the Jud^ent 
of others, without I'samiuing for ourselves. I was surprised to find 
that canny \a our AMociatiun hod long entertaiued correct nutions 
with reapect to tho fi€Ciaiti76tii<3s of jaur ImlleaUn; but hM ngt hod 
the maml courage to enuaciate their Tiews in opposition to currently 
received notions, until some one, upon whose authority they placed Bome 
little weight, had tho coiirago to espreas similar Tiewa to their own. 
The moment eome one whom they duwt venture to chime m with, 
advanced similar id^os to those they had entertained for a long lime, 
they bega,n to give vent to their pent-up feelings, which before thej durst 
not even moott becmuae different to the views entortoJaed by the mnjoiity. 
I BiSdyro you we had n large number presont who for a Considcmblo length 
of time hfive looked upon your Indicator oa giving a tnier index of tho 
internal workinga of the Steam Engine than any other. I hope you will 
send mc your work na early as convenient ; I ehull then, perliape, be abls 
to discover Aome other important features, ikpon which I and the re4t of 
my fellow Engineers may have entertained soniewhat mistaken notionB. 

"lam, 
" Tours most rrapectfuUy, 

"EDWARD INGHAM." 



Diagram No. 58 was taken from an Engine 
belonging' to Mr. Wob,thington, of HoUingwood, near 
Oldliam, The steam was admitted too quiclily to the 
piston, causing the Indicator to reboimd, making a 
"zig-zag" line at tho commencement of the stroke. 
A pressure of 231bs per square inch was brought upon 
the piston when the crank was at the plumb centre. 
Many parties in the Oldham district were of opinion 
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'■* zig-zag " lines Bhewn in the diagram arose 
9 fault in the Indicator ; and they could not 
ise convinced until the same instrument, 
ralres were re-set, produced No. 69 diagram, 

DlAOBAH No. 68. 

'Om the Top of the Cylinder of a Condeiaing Engme. 
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where the lines are even, and wholly nnobjcetionahl 
The " zig-zag " had disappeared ; and instead of tl 
projecting comer, as in tho former diagram, the coi 
was a little rounded. The steam was admitted on 
the piston both later and more easily ; it was also 

DlAGBAM Ko. 59, 

T<iixn/rom tfte Top of tht Cyliitder a/ Bnffine Xo. 58. 
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off earlier, and the exliaust made to close earlier. 
Accompanying tbe diagrams taken before and after 
the alteration, was the following letter from the 
Engineer : — 

" HoUintfwood, Augmt 9tA, I8fi6. 
" Mr. HoPKiBsox : 

" StB, — Tbe enclosed dlAgTama an &om the Bame Engine. Ho. 58 
•mm taken in M&rcb, when tlie steam wns nut off nt one-Lalf the stroke. 
It ifl Dov cut oB at one-tliird of the stroke, and the enclosed dia(fram 
(Nff. 59} IB our preeeot wcrking. 

" Yours moat reapcctfuUy, 

'■ EICKARD NEEDHAM. 



P.S.— When the exlunust valve begins to o|>eii, the distance between 
e plumb line and tho centre of tie omnk pin a 24 inches. Six feet 
Btroke." 

Diagram No. 60 was taken from an Engine 
belonging to Meesrs, C. Meige and Son, Staflford- 
shire. The steam was upon the piston during the 
whole length of the stroke ; and although the valve 
does not appear to have lead on the steam side, yet it 
opens too quickly at the beginning of the stroke, 
causing the slight " zig-zag " corner which appears in 
the figure. The exhaust is also late in opening. 
The pressure carried by two boilers to drive this 
Engine was 7Hls per square inch,. The consumption 
of fuel, with the Engine in this state, varied from 50 
to 53 tona per week ; and it was a regular occurreneo 
to stop the Engine from one to two hours, to clean 
the fires and get up the steam, to enable them to 
run the Engine in what was termed *' a comfortable 
manner." 

When a copy of the second edition of this work 
reached the hands of the proprietors of this Engine, 
they called in the assistance of Mr. E. Gledhlll, 
the En^neer referred to in a former part of tbe work. 
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Takm/rontht Topi^ Utt Cj/Under of a Condximng Engine, 
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Mr. Glephill made the best alterations be could 
imder the circumstances. He discontinued the use 
of one of the boilers, and increased the pressure to 
16Ibs per square inch. He would have increased it 
still more had ho considered the boiler safe beyond 
that pressure. The valves he re-set, as shewn by- 
diagram No. 61 ; the "steam being eut off about half 
the stroke, and run down below atmosphere at the 
termination. The "zig-zag" line is not shewn on. 
diagram No. 61 — the valves being set so as to admit 
the steam upon tho piston as easily as possible. To 
the exhaust he gave more lead, and also caused it to 
close a little earlier, thus obtaining a much superior 
vacuum. In consequence of these alterations, the 
consumption of fuel was reduced from 53 to 23 tons 
per week ; and with this greatly diminished consump- 
tion of fuel, there was also obtained an additional 
power of eight horses. 

This is another example which pre-eminently 
manifests the value of the Steam Engine Indicator, 
Had Messrs, Meigh and Son been in possession of 
that little instrument at an earlier period, and under- 
stood it as they now do, they would not, for so long 
as they were, have been put to such great incon- 
venience and expense. 

Some of those who witnessed the working of the 
Indicator, and its changes of diagrams during the 
alterations, looked upon the instrument and its indi- 
cations as something more than wonderful ; others 
considered it must require a laborious study to be 
able to understand the Indications of the instrument. 
Both parties, however, are much mistaken. Tho 
operation of the instrument is natural enough, and a 
knowledge of its working and use is soon and easily 
acquired. 



184 

BlAOSAH KO. 61. 

Taienjivm the Top of Ae Cjfividm- of gngiiu UTo. 60. 
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igraza Ka (& was talcen frcnn the Engine of the 
tish Qoeen," steam aidp, on Thursday, April 
1840. Ysoamn, 80| incheB of mercory ; steam 
dler. G^Sbs ; expansion tried on ii i> i> as repre- 
d l^ the diagram. 

l>u.aiLAM Kg. 62. 

TaiaiJromAe Top of Ae Cytiiu^ of Ike Bngineo/ike 
" BrMA Qtum.' 
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B vacuum was the same with or without expan- 

As shewn by the diagram, the steam-wi 
have been large. The condenser was on ] 
I's patent principle of c(Xidensing by cold sun 
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without the water coining in contact witli the steal 
an arrangement of small tubes immersed in 
water, with, the steam passing through them, su 
to a locomotiye boiler — the water on the outside 
the tubes, and the steam in the inside. The pipes 
are connected at the bottom of the condenser with 
the air-pump, the air-pump being of the usual size, 
having only the condensed steam to "lift." An 
increased vacuum was thus obtained. With this 
construction, the condensed water is always used in 
the boiler over and over again, to the prevention of 
deposit or scale in the boiler; 

It is near thirty years since Mr. Hall intro- 
duced the principle of condensing steam by surface 
condensers — particularly for Marine Engines. At 
first he met with great opposition to his plan. Time, 
however, has demonstrated the utility of the arrange- 
ment ; and the original Inventor of the plan has been 
forgot by the numerous patentees for surface con- 
densers which have lately swelled the patent list, all 
of the plans so patented being, in principle, tho same 
as Mr. nALL's — varying only in detail. 

Diagrams Nos. 63 and 64 were taken from the 
Engines of the ** Great Britain'* steam ship, from the 
bottom of the cylinder. No. 63 was taken at the 
commencement of her sailing ; and No. 64 after her 
Engines had undergone extensive alterations, under 
the direction of Messrs. Mauxsley, Sons, autj) Pield, 
liondon, just previously to her misfortune at Dun- 
drum Bay. 

Diagram No. 63 shews the utmost mean pressure 
at which the Engines of the " Great Britain" could 
be worked, aa they were originally constructed, and 
left by the makers. Diagram No. 64 shews the mean 
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attained after ihe Enginea were altered, 
om these last it wiU be seen that the attainable 
lan pressure had been increased from 6|I1)s per 
laro inch toUffts. The consequent increase in the 

Diagram No. 63. 

i/rom the Bottom of the CiflinJtr of tlu Engiite 0/ t!u 
" Great Srilaitt," 
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of t!ie stroke six feet, we arrive at the following caleu- 
lation as to the numher of horse power exerted befoK 
and after the chang;e in the Engines : — 

Itorse Potoer before the Change .-—6082, the area ol 
the cylinder ; multiply by 12, twice the length of 

Diagram No. 64. 

Taken from the BotlQtn of the Cylinder of the Enyim of the 
" Great Britain." 



*l 



*\ 


l\ 




6, \ 




7. \ 




8-5 \ 




10-3 \ 




12- 5 




12-5 


A 


\ 


12-5 


4-5 


\ 


12-5 


5. 


k,^l2-5 


5. 





VaouuiD 0-95a.a. 



l-SSKn Stciuii. 
9'Dd Vacuum. 

11 'SO Average 



189 



stroke ; multiply by 13^, the number of strokes per 
minute; m\iltiply by Bffts, pressure per square inch 
of piston : divide by 33,000, and it gives 171'6 as the 
horse power of each cylinder ; which, multiplied by 
4 (the number of cylinders), make the total horse 
power 686-4. 

Sorse I'ower after the Change : — 6082, area of the 
cylinder ; multiply by 12, twice the length of the 
stroke; multiply by 16, the number of strokes per 
minute ; multiply by llf lbs, the average pressure per 
square inch upon the piston : divide by 33,000, and 
it gives 415'8 as the horse power of each cylinder: 
which, multiplied by 4 (the number of cylinders), 
make the totd horse power 1663'2. 

The real gain in horse power was, therefore, as 
1663 is to 686 : not less than 976 horse power addi- 
tional ! An enormous difTerence this : and the more 
remarkable, because not attained by an increase in 
the dimensions of the boiler, or of the cylinders, but 
fiimply by an application of practical skiU in the 
development of the capabilities of the En^es and 
boilers. The fire-flues and eteam-ways, which before 
were ridiculously narrow, were enlarged. The air- 
pumps, which previously bore no proportionate 
relation to the steam cylinders to which they were 
applied, were made equal to the duty required; and 
the expansion valves were adjusted according to the 
pressure, as diagram No. 6-1 evinces. By these means 
the utmost possible amount of work obtainable from 
each cylinder full of steam was realized. 

This example shews the importance of the Indi- 
cator, and the paramount necessity for parties con- 
nected with the making or erecting of Steam Engines, 
to study its indications in detail. What prevented 
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the first constrnctor of these Engines from ascer> 

tainiDg the fact that he had crippled the power of bis 
Engines most enormously ? The want of a thorough 
knowledge of that simple and eflBcient instrument, 
the Indicator I Had he been practically acquainted 
with the use of that instrument, he could not haTC 
perpetrated such a glaring blunder as he conunitted 
in turning out such inefficient machines : for he would 
have met with many instances which would han 
she\™ him the necessity of having abundance of 
steam room through the pipes and valves. There isa 
wide difference between what may be termed ** OflG«- 
Engineering" and Engineering founded on practical 
experience and observation. The latter, though some- 
times dogmatic, and unwilling to receive new theories, 
or to depart out of a favourite track, is often (rf 
essential service to the former; for, from the most 
obstinate something useful may be learned. 

Diagram No. 66 was taken from^ an Engine 
belonging to Messrs. HmsT Brothees, Com Millers. 
Leeds Uoad, Huddersfield. From the diagram it will 
be perceived that the steam is on for the full length of 
the stroke, the valve being a three-port, having little 
or no "lap," and traversing the full length of the 
valve-box: consequently there is no room for "lap" 
to be added to the valve in the ordinary way. The 
Bteam, therefore, as is shewn by the diagram, is not 
expanded, but has to be condensed at atmospb< 
pressure. 

Diagram No. 66 was taken from the same Engi; 
after some alterations had been effected. The steam 
is now cut off at one-third of the stroke. This had 
been accompliehed, not by adding " lap " to the valve, 
there being no room in the valve-bos ; but by making 
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PlAOKAH No. 66. 
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the thoroiighfares less, which had the same effect as 
adding " lap " to the valve. This process is technically 
termed *' bitting the thoroughfares" (see explanation, 
page 60). On an examination of the two diagrams, 
it will be observed that in the one case there was 
steam to condense at atmospheric pressure, while in 
the other the steam to be condensed was 5tb3 below 
atmosphere — taking less water to condense with, and 
leas power to work the air pump. When the air 
pump is heavily loaded, the Engine will not run 
steadily, because of the uneven strain upon the parts. 
The pump only has to lift at one portion of the 
stroke ; and the weight then added often causes an 
uneven motion. The consumption of fuel, after the 
alteration, was found to be 25 per cent. less than 
before, with the Engine working much better, and 
with less strain upon the parts. Under the altered 
circumstances the steam was not introduced to the 
piston as early as before, and the exhaust opened and 
closed sooner. In a letter from Messrs. Hiest Bros,, 
they state : — '* We had expended considerable sums, 
at the advice of other Engineers, but all to no 
purpose. The Engine is now eonsiderably improved 
in its working, and the alteration has eflfected a saving 
of coal to a large amount." This Engine could be 
further improved, were it altered so as to work at a 
greater speed. Engines for corn mills should traverse 
at a quicker rate than most other Engines — because 
where the speed of tlie work driven, — miU-stones for 
example, — is great, the speed of the Engine should 
be greater : if not, there will be what is termed a 
" back lash," and great wear and tear is the result 
under circumstances of that nature. 
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EXAMPLES FEOM THE "GREAT EASTEEN" 
STEAM SHIP. 

The porformances of the Eagines of the " Great 
Eastei^ " have naturally been regarded with great 
interest in the Engineering world ; for upon their 
good work depended, in a great degree, the rapid 
passa^s she was expected to make. 

At the time this chapter was written, she had o 
made one trip across the Atlantic, the voyage fro. 
Southampton to New York, occupying 11 days 
two hours, being an average ran of 13 knots per 
hour. Although this was not so rapid as was antici- 
pated, yet according to the reports, everything went 
off highly satisfactory. The Engines, it was stated, 
worked well. 

With such a gigantic undertaking, a vessel whi 
may be truly tormed a floating city, it is essential t 
safety and economy in every department should be 
studied ; especially the former, that we may not again 
have another catastrophe similar to that which 
occurred on her first trial trip in the Ch£umel,— viz : 
the bursting of one of the water-heaters in connection 
with her boilers. 

So far as regards the construction of the boilerB, 
the public were informed, during the progress of the 
ship when on the stocks,, that they were on the best 
principle, calculated to work with greater economy 
and safety than those of any vessel hitherto afloat. 
To the really practical Engineer thero was no matter 
for surprise in the disastrous occurrence which took 
place, as it was what might have been expected with 
such a construction. Nor does it appear in any 
manner singular that the construction should have 
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been approved of and adopted, when we find tlio 
opinioQs of mou. takon. and acted on, who, according 
to the evidence given before the Coroner's Jury, had 
uo idea at all approaching to the accuracy of the 
pressure which caused the explosion ; that evidence 
affording the fair inference that their knowledge of 
construction was very limited, or they could not 
have made such extraordinary Btatements, 

The scientific gentlemen who were examined varied 
in opinion regarding the pressure required to collapae 
the large tubes which gave way ; some gravely stating 
that there must have been at least a pressure of 600tbs 
per square inch, whilst others were more moderate. 
Evidence of such a character only denotes a want of 
experience; for those who have paid attention to 
boiler explosions and their causes, know that those 
who gave such evidence as we have indicated, must 
either have been playing upon the credulity of the 
jury, or were themselves awfully deficient in a know- 
ledge of boiler Engineering. 

It is well known by those who liave been in the 
habit of testing steam boilers, that there is a vast 
difference betwixt the power of a tube of any given 
diameter to resist pressure exerted external to that 
diameter, and the power of one to resist pressure 
exerted internal to the diameter; and that a tube 
decreases in its resisting power, both externally and 
internally, as the diameter increases. It follows, 
therefore, that the internal tube, or flue of a boiler, 
is much weaker than the outer shell. 

If we take the bursting pressure of the outer shell, 
or flue case, of the " Great Eastern " to have been 
2601bs per square inch, with the pressure exerted 
internal to the diameter, we assert that the same tube 




with the pressure exerted external to the diameter, 
would collapse with less than one-sixth of the 250Ib9 
pressure. At the time of the occurrence, contending 
against the evidence given^ the writer took up the 
matter^ and endeavoured to demonstrate that, under 
all the circumstances, the pressure in the case at the 
time of explosion could not possibly hare exceeded 
29tbs. The following' letter on the subject appeared 
in the Mechanics' Magazine of Oct. lltb, 1869 : — 

" 10 THE EDIT0B3 OF TBE ' UECBANlCa' U&QASQfB.' 

" GtNTLEMEN, — I am tiot about to (liBCUss the queetioii who was in' 
cbiirge of the EoginaB and boilers of tho ' Great Eaatern," or wlio was 
responsible for the explosion, haviDg only a right to interfere on public 
grotiiida,. Olid to further the research as to tlic rcul oanec, with a view (O 
a preveutioQ of such i^olaiuitics, 

" I have for a coneiderable time called the uttention of the pubUo to 
thG frequency of boiler expla&iona, and their probable iucrease, iinlen 
more uttcntion bo paid to coLGtmction aoA nukDagement ; moie 
pnrtiiiuliirlj to that form of boUcr kn^wn aa tho ComisL boiler, in which 
the proseure la exerted* upon the outer portion of a cylinder. In April, 
1S55, I wrote a letter to the Mamhetter Ouardian oa this jwuticaUr 
form of builer, which bcgsuu thus : — 

" ' Another boiler oxploeion, attended with ft Iflmeutable low of life, 
ia recorded in your journal of this day. Pending the judicinl iniiiuiy 
which muBt tii3c« place into the facts of that cose, I do not intend to 
comment on the detailB as set forth in your repottj Wyoad calling atteu- 
tic>n to the f^t, thut the part of the b-Jiler which has given way and 
occaaioned this lamentable cataatrophe, is one of its intfmal fiuet, 
which had tU' suBtain a great pressure everted externally ttpon iu 
cylinder-like forin, and which at length failed under the atrain to which it 
wau subjected. The many iastancea of boiler esploeions, arising from 
the coUapae of intemiil flues of this character, ought aurely to induce » 
more serioua inquiry than the subject has yet received, with the view of 
Baoertunitig whether boilers of thi«, the favourite form of coostnictian, 
Are Bofe when worked nt the high presBureB now deemed desirable, or, 
indeed, at any considerable pressure ; or whether a callapao of the flues 
18 not a certain result of the force ao applied, and in the best of Vtoilere, 
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juid under tliic most fsvonrable conditioite, only a ijueaticn 0/ timt. For 
myBcir, from Inquiry and reafuning up<»ii the subject, I have long eiaat 
arrived nt tLe conclusion that thia form of boiler, whether uf the kind 
Icnowtk as the Bulterley or tho Cornish, is not safe.* 

" At Leeds, last year, I read a. paper 00 the subject Wfore Sectiuii G 
nf tlie Brttish Association, which you were kind enough to publMi in 
the MttAanK^ Magatint, of Oct. 33nJ, 1&58. 

" Tte porticb of tho Iwiler that escploded in the ' Grent Ea&tetti,' vaa 
that portion of the flue or chimaey which ext«ad»l from the top of the 
boiler to tlie upper deck. That flue or chimney was HturoHiided "by 
nnotfaer cylinder, 12 Lnchee Larger than the inteniiil flue, being seren feot 
di&meter, leaving a water «piic« of six inches betmrt the flue and the 
oue, and extending in height, or length, 40 feet from the boiler. This 
case, when cfauged with wnter, woidd hsve a prusure of t^Ha per 
sqitnre inch at the bottom, internal to the outer ahell or case, and 
eittem&l to th« Sue or chimney. 

"Tbe out^fihcll or ense vns providoil with an open etniid-pipe pro- 
eeeding from the bottom, and 'extending to & height of 25 feet above the 
top of the cue, in the form of an inverted syphon, the descending pipe 
being attached to the tup of the uuter ahelL At the extreme height, in 
the cufvg of the ^phou, a hnif-inch hole was bored, at nil timc« opvb to 
the atmosphere. In the dcaecnding leg of the pli>a, juat at the top uf 
tlie water-epnce, wnjH inaerted a stop-tap, to cut uff communicatioti, and 
prevent the atcam from entering the descending pipe, or ehort leg of the 
Bjphdn. 

" Having deeeribod this portion of the boiler to the beet of my iafoi- 
mation, I vill now endeavour to explain the cause of the collapse of the 
flne. It was stated in evidence that the supply of water to the outer 
case waa atopped, and that the tap in the ebort log of the stand-pipe was 
clo4e4. Siuch Ving the cAse, I shnll cndcAVoiir to shew thiit this con- 
Btmction of wnter-lieater ie one highly dangerous, not on account of tho 
boat to which it may he exposed, but from the fact of a six feet tube 
being subjected to preaenre cserted external to itfi diameter. 

" Many partiee imagine that the heat Riven from the fiimfice« of the 
'Oreat Eastern,' when passing up the chimney, would he very high, and 
conseqnently that there would Ije a rnpid generation of steam in the 
case : and th[Lt by the tap being closed, there would be bji immenae 
pressure hrought to bear upon the chimney or flue, and the water-heater. 
In the first place, I aeecrt the heat traversing through the flue wmdd 
never exceed 450 degrece Fahrenheit, and I very much cjueation whether 
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it would read) 350 degreee ia ao large a space us a six feet diunett 
In making tlhia Btatement, I do nut merely imagino auoh would be ttw 
Leab given tiut, N.f cuaulusiona am from actual test of & eimiliu' bonier. 
But I will griint that the tempemturo wu 4£0 degrees in tibe Sua At 
that temperature it would at tbo y^ry lesAt take twelve hours to get the 
wiUer in th« case to boiling point ; and to generato a pressure uf atoua 
of iOlba above atmoepiitre would require 260 degrees of lieat in tha 
case, wliicb I aver waa nevei the fact in the exploded fuoneL 

" It remaLinB to sbew the itAl preasure of feteun tb&t would havo to b« 
generated iu tie heater enffioient to foroe the water out at the top of the 
pipe. It must be bome in mtud that the 1 j-locb etand-ptpe vent to tha 
bottom of tbe cose, and waa open from and to end, ertcndiug to a hcigbt 
of 2J feet above tbe tup of the case ; mi that there waa a i-iach hole 
at the top tu let out tbe Bteam from the heater, or, aa at tbe time of the 
exploaiou, to let out tbe water irhan the tap on the top of the «u«r- 
heater waa closed. There requires no comment as to tbe probable pn*> 
sure of eteatn in the cneo. A pressuro of LlDw per square inch was 
sufficient to force the water out at tbe top of the pipe ; and tbua I come 
to the undeniable conclusion, that tbe steam in tbe mae did not exceed 
llBjs per square inch at any time. Had tlie tap been open, the half- 
ioch bu'le would have bed& aufficient to have diMharg^d as much stetkBl 
06 tweuty Bitch wator-hGatcTS would have gcDGratod. 

" Having shewn that tbe etcam preaBurc could not be mar« than 1 1 lbs, 
I come to another point regardiag the pressure brought to bear i«xt«rn.ally 
upon the aix-foet diameter. The water-heater, aa deflcril>ed, was 40 feet 
high, aud unless it woa completely GUexI with water, none Could bd 
BUpplitid to the boiler. A. L'olumu of water of that height would exert 
B, preBfiUTO of nearly 1 dttw per square inch at the bottom end of the case ; 
and that^ added to th« prcsanre in the staad-pipe, gives a total of 29)be 
per square ineh, being tbe extreme preasnre that coidd be brought upon 
the watcr-b eater. Now the question arisea, at what praBsuria did that 
internal flue collapse ? It is perfectly dear that it collapsed at leas tbaa 
29 lbs |)cr square inch. Tbcrcforo, the flue must Lave been weaker tbaa 
tbe etand-pt[K] denoted, being constructed, as they perhaps pteSvimed, to 
work with safety at 29Ib« per aqnare inch. 

" I havo repeatedly called the attention of boiler-ownerB to the easo 
of the ' Victoria,' whoso boileiB twice eoUapsed, and killed eleven persons. 
A Boarcbing iuijuiry took place as to the cause. 

" The 'Victoria ' exploded in 1838, Tlie fliiea were aix feet diameter, 
made of ^^-inch Low Moor plates ; and they colhtpsed at a jireeaurc v(. 



13IbH per sqtiure uich, viz., lorbe of atc&iii &itd Slbfl uf u column of 
water. The flues were rcpaJreJ, and the; again coUapted iit the same 
pRHiije. The coIJ&pao on boartl the ' Grccit Eastern ' was precisely 
nmilnr, «xc«pt that the flue WAd b\x fe«t dt&mct<^r, with J-inch piates ; 
jpet ire fiad that although double tbe tbicknesa of th« ' Yictoiia, ' there 
ik no proof that it took moro ot lesB than double the preseiirc, ^&]te to 
coUnpee tiie flue io the ' Great Eastern,' aa there was no meaoA of aacer- 
tainiDg vbat waa the height of the oalumii of water in the stand-pipe ; 
but certain it is that it collapsed tindi^ '291t» pressure. I am fully 
pGTBunded that the cause of the coUapBC of the flue on bhe ' Great 
Eaqteni ' was from defective coMtruction ; that the preeaure exerted 
externa] to the nix feet flue was. too much for that diameter to roBiBt 

" As a waI«r-heatcT, I denounce this cooatnictiun na being highly 
dugciroaa, arranged, oa it was — haring' a etand-pipe attaohed, eo aa to 
fanNue the preasare. Tliiere is no dou^t th&t the imprefla<m was tbat 
the flue was HufBiciently strong to ciirry that pressors, utberwiw the 
stand-pipe would not have been erected. Tlier^fore the blame is not 
jiutly ca£t on the person who duaed tbe tap — although I a.oknawledge 
the expIoBiotL would not have occtirfM at that pfirticiilar time, h»l the 
tap been open. It remauta for thuBe who applied the etnnd pipe to a&y 
whether they considered the flue sufficiently strong to resist the pressure 
the stand pipe would bring upon it in case of tho tap being closed. 
I caiuiot but thi]ik that nmh was the opituoD:, or why ciLrry the stand 
pipe to anch an elcvntion 1 

"Tour obedient Servant, 

"J. HOPKINSON. 

"Sntannia Works, Huddersficld, Oct 4th, 18S9." 

During the trial of the Engines and Boilers of th© 
" Qreat Eastern " in the Channel, in 1859, indications 
were taken from the Paddle Engines, when tlie vessel 
was at full speed, and the steam in the boiler at its 
highest pressure. The following is a double diagram 
then taken (No. 67)» being an indication from each 
end of the cylinder. 

It will be observed from thia double diagram, that 
to a great extent the valves were unevenly set. The 
diagram from tbe top of the cylinder shews that the 
pressure upon the piston was 201b8 above atmosphere, 
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cut off at one-third the lengtli of the stroke, aU 
expanded down to atmospheric pressure at the 
mination. The diagram from the bottom of thfl 



Double Diaqeam. — No. 67. 
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cylinder shews that the steam was upon the piston , 
equal to 221bs aboTe atmosphere, cut off at half-stroko, 
and ezpauding down to ^Hjb above atmosphere at thoi 




ion; ill both eases tlie vacuum was 121ba. 

iber of strokes was ll-^-, and the speed of the 
feet per mmute. The exhaust closed when 
had travelled fivo-sixths of the length of 

Double Diagram. — No. 68. 

I fniR the PaddU Ertyinea <(f the " Grtal Eattrrn," 
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No. 63 is also a double diagram^ taken June 26Ui, 
1860, when the " Great Eastern " had beea nine days 
out on hei* first voyage to America. The pressure 
on the boiler was 26lbs per square inch above 
atmosphere ; and 21ths were brought upon the piston 
at the bottom portion of the cylinder. The steam 
was cut off at alittlo before half-strokCj and expanded 
down to 4fbs below atmosphere at the termination. 
On the top portion of the cylinder the steam exerted 
a pressure of 301bs at the commencement, and was 
cut off a little past half-stroke. The average pressure 
was 23tb3 up to a little past half-stroke. It then 
expanded to 2ib8 above atmosphere, making only a 
Qftjs Tacuum. The exhaust begun to close at one end 
of the cylinder when the piston had to travel two feet 
of the stroke, and at the other end the exhaust begun 
to close when the piston had to travel one foot. It 
will be perceived that as the valves were then set^ 
they were in many respects different to the position 
Mr. ScoTi' Russell had them when on tlie trial trip 
in the Channel, so far as regards the admission of 
the steam and the cut-off. 

There are objections to the setting of the valves 
in both instances ; but on the whole Mr. Scorr 
!RussELi.'s diagrams are superior. ^m 

The early closing of the exhaust, with Engiul^ 
travelling only llf revolutions per minute, is a defect 
calculated to reduce the power considerably, from the 
Engines having to compress such a great quantity of 
steam as was left in the cylinder, with a Otbs vacuum. 
Tliis necessarily acted as a retarding force against the 
piston's course. The steam thus left in the cylinder 
had to bo compressed to a greater pressure than that 
which was in the boiler. The diagram shews t 
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there waa a compressed force of SOfts, which had to 
be overcome by the force of the other Engine when 
at its full power, assisted by the motion of the ship. 
If these En^es had been separate, and not attached 
to a heavy fly-wheel or some other body ia motion, 
the piston would have stopped before it arrived at the 
end of the cylinder, because the compressed or 
" cushiooed " steam would have been of a much 
greater power, or pressure, than the steam on the 
propelling side of the piston, or that in the boiler. 
This residted because the steam left in the cylinder 
could not escape, on account of the exhaust valve 
dosing too soon. Of course this was a serious draw- 
back to the working of the Engines, involving a loss 
of fuel, besides esposlng^ the Engines to the danger of 
breaking down, by having such a force as SOlbs of 
steam above atmosphere upon the crank and piston 
at the plumb centre — almost as bad as " priming " in 
the cylinder. There need be no wonder at the 
comparatively slow speed these Engines attained. 

"Without taking into consideration various other 
defects in the latter arrangement of the valves, there 
is an almost unpardonable defect which we must 
notice — -the small amount of vacuum obtained. On 
one side of the piston this only reached Olhs, and on 
the other lOJbs, which, contrasted with the diagrams 
taken on the trial trip, shewed a deficiency averaging 
Zjlbs per square inch throughout the whole of the 
working. On one side it was Stbs, which proved there 
was something that required attention. That 4-lbs of 
deficiency in the vacuum proved the simple fact, that 
an extra pressure of 4^s of steam was requii'ed to 
give out the power that a proper condensation should 
have given : in other words, there was a loss of 20 




per cent, in fuel, or 20 per cent, in power. That 
of vacuum, and the loss of power at each end of the 
stroke, to a great extent account for the alow speed 
of the Engines, and the great quantity of fuel con- 
sumed. 



THE SCREW ENGINES OF THE "GREAT EASTERN." 



Diagram No. 69 was taken from the Screw Engines 
of the «* Great Eastern, " on June 26th, 1860, during 
her first trip to New York* The pressure of steam 
in the boilers was 20Ibs ; the speed of the piston 
285 feet per minute. The pressure of steam above 
atmosphere brought upOQ the piston at the bottom 
end, was 16ibs ; at the top end, ISibs^ with a partial 
Cut-o£Fand the ordinary closing of the valve, leaving 
steam above atmosphere to be condensed at the end 
of the stroke, and making a vacuum of from lOfts to 
lliha per square inch. The steam being exhausted 
wben the piston has to travel one-seventh the length 
of the cjlinder, that portion, or nearly one-seventh 
of the power was lost — the steam being condensed 
before it had given out its full power. The steam 
ought to have been better used up. 

There are other minor points in connection with 
these diagrams that might be observed upon, such as 
the projection on the bottom diagram; but m we 
suppose the reader will, by this time, have acquired a 
tolerably accurate knowledge on the subject, and be 
able, of himself, to point out or comprehend such 
defects, we do not deem it necessary to dilate upon 
them. 

For these diagrams we are indebted to the court 
of the Editor of the Mechanics* Magazitie, whos 
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kindness in enabling us to lay sucli interesting 
eramples of the performances of the Engines oni 
board the world-renomiDd ship, we hereby gratefully 
acknowledge. 

In connection with such a stupendous and magni- 
ficent ondertaklng as the "Great Eastern," it is 

Double Diagram. — No. 69. 

Takm Jnm the Seme En^nt ttf iht " Gnat Etutcrn." 
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highly essential that every one having a knowledge 
on any detail connected with her eflficient working, 
should impart that knowledge. The importance of 
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economy and safety in tbe working of the Enj 
of Buch a Tessel ia undoubted, both in a natioi 
and commercial sense. It is therefore from, a desire 
to aid in the development of the full resources of her 
power, thus enabling us still further to extend the 
national mi^ht and influence of this particular 
branch of navig-ation, that the author ventuies to 
remark upon the unsatisfactory manner in which 
these Engines were left, and their consequent inade- 
quate performances. So far as regards the manner 
in which Mr. Scott Utjssell left his Paddle Engines, 
they were not open to the objections that afterwards 
applied to them, in what was termed " their improved 
state." Had an Indicator been used such as this 
work treats upon, the defects would have been still 
more apparent ; and had attention been given to the 
diagrams, and the alterations required been properly 
carried out with judgment and skill, the Engineering 
managers of the •' Great Eastern " might indeed have 
been proud of their labours. As it was, they 
nothing to boast of. 

It has often been our task to comment on inefficient 
Talve setting, which in many instances results from 
deficient education, or want of practice in the 
Engineer^ arising from the few opportunities of 
improvement afforded him. There are, however, 
self-taught men, who, by perseverance and the good 
fortune of having witnessed the effects of various 
alterations, now rank high in the art of valve setting. 
To men of this class every credit should be given. To 
those, however, who have attained high repute as 
Engineers, and who have had every possible chance of 
information and experiment, and who send forth such 
diagrams as those we are commenting; on, whici 
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from the size and construction of fhe Engines, 
oaght to be unequalled, what can we do but 
award them only a second place, because not entitled 
to take rank amongst those whose higher productiona 
of skill are set forth in the course of tbia work — 
examples which would do honour to any Engineering 
department in the world? What should have pre- 
vented the Engines of the great ship from working 
equally well to those to which we allude, except the 
want of a practical knowledge of the Indicator, and 
the proper modes of valve setting ? This art is not to 
be acquired in the study. It must bo attained by 
perseverance and personal observation in the Engine- 
room; by noting the various changes produced by the 
slightest alteration in the valves. It would be well 
were more practical experience and less ofiBce routine 
applied to Engineering in general. 

As examples in contrast, we refer the reader to 
diagrams taken from other Engines, and ask him to 
compare the difference produced by better valve 
setting. In a subsequent part of this work, illus- 
trating the work of a Direct Action Engine, there 
will be given a diagram from an Engine belonging to 
Messrs. J. Crosslet and Sons, of Halifax. The 
circumstances of the two cases were similar, so far as 
regards the pressure of steam ; but what a different 
vacuum in the one instance, when contrasted with the 
other I and especially when we state that in the 
Halifax Engine the injection water was at 100 degrees 
in temperature, while in the case of the " Great 
Eastern" there was the water of the broad ocean at 
the service of her Engineer. This shews the nature 
of the attention paid to the working of the Engines 
at Halifax^ there being produced in that instance a 
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vaccuum of 12-6ft)a, being 3|Ibs superior to that 
the " Great Eastern." At page 164 there is a doul 
diagram (No. 50), taken from the Engines belonging 
to Messrs. Htbe, Sons, and Sowerbt, which speaka 
for itself. Had the Engines of the " Great Eastern " 
made such diagrams, and exhibited such a vacuum, as 
they certainly ought to have done, the power would 
have been much increased, less fuel would have been 
required, and the wear and tear would have been 
greatly reduced. It must be borne in mind that a 
constant uneTen strain upon the parts of these 
Engines, with pressure on the crank when at the 
plumb centre, tended moro to destroy them than a 
greatly increased pressure properly applied. The best 
schools in which to learn the art of valve setting are 
the spinning concerns of Lancashire, where the 
machinery is run at tremendous speeds, and where 
the utmost regularity is required. In that school the 
student would soon discover that such valve setting 
as that of the Engines of the " Great Eastern," would 
have to be dispensed with. 

Marine Engine valve setting has yet to undergo 
great improvements to get the full amount of power 
from the steam consumed. 

In most of the diagrams we have seen from Mar 
Engines, there is evidence of "a rule" which their 
valve setters work by, but which is not of the best. 
The steam Is generally admitted to the piston too early 
and too quickly, and the valves close too quickly in 
the exhaust — the latter point requiring to he adjusted 
with nicety, so as not to destroy the power and 
regularity of the steam. The examples of valve 
Setting given at pages 144^ 149 and 151, (diagrams 
No8. 26, 44 and 45,) may be beneficially studied by 
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tliG marine Engineer ; and we trust tlie remarks and 
sug^stiotis hero made will be tlie means of an 
extended inquiry into a subject worthy of the prac- 
tical Engineer. 



The reader who was not practically acquainted with 
the Indicator when he first took up this work, if he 
has closely and attentively studied the examples we 
haye glTen, will by this time have gained some 
information, respecting the mode of operating with, 
and also the uses and advantages of, this invaluable 
instrument. The dia^-ams taken from the Engines 
of the " Great Britain " (Nos. 63 and 64), and those 
from the "Great Eastern" (Nos. 67, 6S, and 69), 
offer in themselves so strong a case that it requires no 
lengthened argument to shew the important advan- 
tages to be derived from such an instrument. By 
what other means are we to ascertain the power of an 
Engine ? or ascertain how the pressure of the steam 
is exerted upon the piston of the Engine ? or the 
quality of the vacnum ? Is there any other certain 
mode of making these apparent ? If not, how can any 
one describe the working condition of an Engine, if he 
he ignarant of the working of the Tndicaior / Such 
a thing is simply impossible. 

There is, therefore, every necessity for all connected 
with the working of Steam Engines to make them- 
selves thoroughly acquainted with the practical use of 
the Indicatory for without that knowledge no man 
can be said to thoroughly understand the Steam 
Engine in delail, but must be wholly ignorant as to 
any certainty of its internal workings. Without this 
instrument no man can manage the Steam Engine 
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WORKING STEAM EXPANSIVELY 



IN ONE CYLINDER. 



Thebe are two modes of applying the power of 
steam to the working cylinder ; namely, one allowing 
eteam to flow from the boiler during the whole length 
of the stroke ; and the other, cutting it off from the 
boiler when the piston has travelled a determined 
distance — the great and paramount object of this last 
arrangement being a saving of fuel. 

If steam be applied the full length of the stroke, 
the average pressure will be as the pressure per equare 
inch upon the piston ; but if the steam bo cut off at 
half-stroke — suppose the pressuj-e to be 66B53 per inch 
when the pressure of the atmosphere is added, — there 
will be a mean equivalent, or average pressure, 
throughout the stroke, of 551bs per square inch ; 
being only lOfts less than the full pressure, or 16 per 
cent, of a loss in power, though half tbe former 
quantity of steam has only been used. This alone 
effects a saving of 34 per cent, in fuel, and shews the 
great benefit to be derived from expansion in one 
cylinder. 

If this principle be true — and its truth is unde- 
niable — it is quite evident that the greatest economy 
will result from extending expansion to its full limit, 
and making the cylinders of Bteam. Engines of 
sufficient capacity for this purpose ; though with the 
high -pressures with which expansion is most available, 
they will require to be less than are usually made, to 
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it off at one-eighth the stroke, and the 
^travelling the otlier seven portions by the 
cpandlng steam : in calculating what will 
ire at the termination or at any other 
10 stroke, add the pressure of the atmo- 
pressure of the steam, above atmospheric 
lus in this case : oOltis added to 15, equals 
dded by 8, gives 8^. To make this rulo 
tly understood, let the Engine-man add 
pressure of the steam and tho pressure of 
iero» and divide by the number of expan- 
se quotient will give him the preaaure on 
the end of the stroke. For the average 
throughout the stroke, see the aocora- 
Iq Appendix A;- — which average will bo 
!6tbs throughout the whole of tho stroke. 
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im on the piston of an Engine through- 
le at 651bs pressure, the average is as the 
|65n)s : by cutting off at one-eighth of the 
iverage is 26lbs. It therefore follows that 
one-eighth the quantity of steam to 
we use for the one stroke with steam 
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throughout, we obtain additional power by expans 
— indeed, upwards of three times the power — or 
200 is to 65. 

The aDnexed figure illustrates the expansion of 
steam in the cylinder, and forms a mode whereby to 
(iHcertain the pressure at any portion of the Etroke. 
In the figure the steam is represented at the com- 
mencement as being at 651bs on the piston, cut off at 
one-eighth the stroke. The figures 1, 2, 3, 4, 6, 6, 7, 
and 8, are the numbered divisions of the cylinder. 
To ascertain the pressure when the piston has travelled 
either one-fourth or one-third, or any other portion of 
the stroke, the pressure in the first division must be 
divided by the number of divisions, or portions, whose 
pressure is required to be known. Thus, if the pres- 
sure be required when the piston has travelled half 
the length of the cylinder, we must divide by four, 
the piston having travelled four parts out of the eight 
into which the cylinder is divided. 8o also with each 
division or number of divisions. Where the expan- 
sions are cither less or more, the cylinder must be 
divided accordingly into the same num^ber of parts as 
there are expansions. 

T'or example : steam at 20fts above the atmospheric 
pressure, cut off at one-third of the stroke^ will be, at 
the end of the stroke, 113; thus, 20fts of steam and 
ISlbs atmospheric pressure equals 351bs cut off at one- 
third — is 3 -^35 = 11-2, or nearly ilbs below atmo- 
ephere* If a High-pressure Engine, the pressure of 
the atmosphere must be added in the same way. 
Example : SOlbs cut off at one-sixth the length of the 
cylinder: 80 added to 16 equals 95; 6 in 95 = 15-5. 
The steam in this case wiU have expanded down to 
the pressure of the atmosphere within five-sixths of a 
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ILLUSTRATION OF EXPANSION. 
DiAGSAU No. 70. 
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ound, and therefore will have been practically used 
p in a Non-condensing En^e before it is allowed to 
Bcape. In a Condensing Engine, the 16'5£bs would. 




in practice, expand down to 5ftis or lOflba 
atmosphere : tho difference being power lost 
Non-con den.aing' Engine. 

In using steam of high-pressure, another advanti 
is obtained, insomuch as it requires proportionately 
less fuel for the generation of increased high-pressure 
steam. The cost of the raw material, or fuel, for 
steam at various preasures will hereafter be shewn, 
and the saving effected by generating and workij 
with steam at high-pressure will be noted. 
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Tho above table shews the quantity of stcaST 
used when worked without expansion, and the power 
obtained ; also the quantity when worked expansively, 
varying from J to i the cut oflF, and the pressure of 
the steam at tho termination of the stroke. It will 
be observed that in proportion aa the steam is 
expanded to the greatest limit, so is tho saving : — (Ixe 
principle of expansion being a aaving and not a gain. 
But the whole of the steam is made available when 
expansion is carried to its full extent. Thus, if steam 
at 6011)5, or any other pressure^ be brought upon tho 
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piston, and cut off at a point to enable it to expand 
to the lowest practical limit, the most will have been 
mado of it, although the expansion has been effected 
in one cylinder. 

When the steam passes through a number of 
cylinders, there is a loss by condensation and friction, 
particularly if the pressure be high. The conducting 
properties of the metal rob the steam of its heat 
in proportion to the difference of the temperature. 
Hence the necessity of clothing high-pressure cylinders 
and pipes with felt, or other non-condncting sub- 
stance, to prevent the absorption of the caloric ; or of 
casing them, keeping steam in the casings at the 
pressure of the boiler. The higher the temperature at 
which the cylinders of Steam Engines can be main- 
tained, the better. 



GENERAL OBSERVATIONS 
ON THE 
COMPOUNDING OF STEAM ENGINE! 



The compounding of Steam Engine has for its 
object tho using of high-pressure steam to the greatest 
advantage. 

The principle was first introduced by HobITblot 
in 1781 ; but, from the prejudices then existing 
against hlgh-pressuro steam, which had their origin 
in the danger then associated with the great power 
sought to be attained, the principle made compara- 
tively little way. The danger, however, was not with 
the pressure, but in the form of boilers, in the con- 
struction of which an incorrect principle was then, 
and BtUl has been, generally followed. It is this 
which has mainly retarded the employment of high- 
pressure steam. 

HouNBLOWER flrst intfoducod the system of two 
cylinders for the purpose of expansion ; and Woolfe 
followed with an improved boiler. Thus was laid the 
ground-work for working high-pressure steam with 
economy and safety ; but when we consider the present 
construction of boUera for Stationary Engines, we are 
forced to acknowledge that wo have made but slow 
progress ia the real development of steam power bi 
the employment of high-pressure steam. 

The benefit of high-pressure steam is fully shet^ 
in the case of Locomotive Engines, which work at 
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[pressure of from lOOibs to iSOfbs to tho square incb, 
and are quite as manageable and safe as any Low- 
pressure Land Engine. When the simple form of 
boiler for Stationary Engines is better understood and 
put in practice, — that form which unites the power of 
greatest resistance with the greatest arailahle amount 
of heating surface, — we shall then, but not until then, 
reap the full advantage of high-pressure steam, 

HoRNBiiOWEa's method of using the steam twice 
was very simple. The first, or high-pressure cylinder, 
which the steam ^st entered,, was placed close to the 
ordinary cylinder of a Condensing Engine. The 
diameter of the high-pressure cylinder was much less 
than that of the condensing cylinder. The steam 
from the boiler ^Bt acted upon the small cylinder, 
passed thence to the large one, and from that to the 
condenser, where it was condensed in the usual 
manner. The principle, or action, was thus described 
by HoRKBLOWEB, in his own specification : " I employ 
the steam, after it has acted in the first vessel, to 
operate a second time in the other, which I do by 
connecting the Tessels together, and forming proper 
channels and apertures, whereby the steam shall 
occasionally go in and out of the vessels." 
^HoENBLOWEE'e Specification bears date July, 1781. 
It is now, therefore, more than eighty years since 
the principle of compounding Steam Engines was first 
enunciated and put in practice. 

As all other methods of compounding Engines are 
but a Tariation in plan, and not of principle, it will 
not be out of place to explain more fuUy the principle 
of the High and Low-pressure Engines, as set forth 
in HoBNBLOWEa's spccifiations. 

Suppose two cylinders, one high and one low- 




with the exception of the Sfts which romain to be 
condensed. But it would not be so in the case of the 
equal diameter cylinders. The steam in that case 
could not be expanded, but would have to be can* 
densed at the pressure it entered the first cylindeTi 
and this would be a loss of power. The power of tbe 
Engine with the equal diameter cylinders would only 
be 30, while the power of the unequal diameter 
cylinders would be 70— with the same quantity and 
pressure of steam in both cases. 
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It has long been known that the power derived by 
expanding a giTcn. volume of steam in two cylinders 
amounts to the same as an equal nmnber of expan- 
sions eflFcctod in one cylinder. When the pressure is 
not too great, and the Engine is svfBciently strong 
and runs quickly, it is preferable and less complicated 
to expand in one cylinder ; but where the steam is 
at an extremely high pressure, great advantage is 
obtained by employing two cylinders— it being oasen- 
tial, however, that the high-pressure cyUnder be less 
in area than tho low-pressure one, and the steam on 
for the full length of the stroke. Steady turning will 



in such case be obtained, and a less fly-wheel be 
required. 

The table on the precedmg' pa^ is calculated for 
:h inch of the stroke, with a pressure in the boiler 
60fl)9 per square inch. The smsdl cylinder of the 
impound Engine is assumed to be of one inch area. 
id the large one of six inches area, with a six-inch 
>ke ; consequently, the steam cut oif at one-sixth 
the Urge cylinder will he equal to the whole area 
fiill contents of the small hlgh'presaure cylinder. 
Column 1 expresses the number of inches the piston 
las moved ; column 2, the difference of pressure 
on the piston for each inch of the stroke ; column 3 
shows the power operatino; upon the large piston at 
each inch of the stroke ; column 4, the sum total of 
the power exerted by both pistons ; and column 5 
exhibits the force per inch, when the same volume of 
steam is expanded in one cylinder only, being the 
same number of expansions in the single cylinder as 
is obtained by the difference in the dimensions of the 
compound cylinders. 

In glancing down columns 2 and 3, it will be seen 
that the small cylinder equalizes the power of the 
Engine at the conmienceraent of the stroke, and its 
restoration at the tennination. The result of expan- 
sion in the two cylinders will be the difference of the 
power exerted on the piston between the commence- 
ment and the termination of the stroke, which is 
about two to one with the Compound Engine ; while 
the Single Engine exhibits a difference of pressure 
upon the piston of six to one. At the same time, the 
totals at the bottom shew the total power to be nearly 
equal. This is a most important object gained — 
irly equal strain upon the Engine and the cqualiza- 
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tion of power, without the incumbrance of an e: 
heayy fly-wheel to produce steady motion ; a fact reij 
important to manufacturers, because it involves much 
less wear and tear. 

"Watt saw the value of working steam expansively; 
hut the method of constructing boilers and the 
deficient workmanship of his day prevented him 
from applying the principle. This can he now effected 
with perfect safety. All ho loft to bo accomplished 
was the introduction of proper means to furnish 
steam of high-pressure with safety. 

Messrs. James and John Robebton, of Glaegow, 
patented a plan of compounding Steam 



Engines, 



in 



the month of August, 1800. Their principle of using 
the steam was precisely the same as that of Horn- 
BLOWEB, introduced nearly twenty years before. 
RoBETtTONs' cylinders, however, were difi'erently 
placed — they fixing the high-pressure cylinder at 
one end of the bcam» and the low-pressure cylinder 
at the other end, the same as in the Double- cylinder 
Engine of tho present day, commonly called the 
McNaught. In reflecting on this, we cannot but 
remark how possible it is for mechanical science to 
degenerate, and be again brought to light by superior 
tacticians, while the original propounders of t^u 
principle are lost aigbt of. ^H 

Messrs. Eoberton, in their specifications, which 
are very long, explain the working of their Bngine 
thus : — " The steam, therefore, which remains above 
the small piston and below tho large piston, will force 
the pistons forward in proportion to the steam's 
density, and the ditference of the areas of the pistons ; 
that ia, a force in proportion to tho density of the 
steam and the excess of the area of the large piston 
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to that of the smdl one." The applieation of the 
two cylinders is thus described : — " Our plan consists 
of two cylinders, a lesser and a larger, the piston-rods 
of wliich are connected hy a. toothed wheel, or hoam, 
placed hetween them, which g-ires motion to the 
machinery by a crank, or otherwise. By this method 
the piston of one cylinder ascends while the other 
deacends" Thus we see that what is now being done 
with a Compound Engine, with a cylinder under each 
end of the beam, was fully understood sixty-two 
years ago. It is now over eighty years since the first 
Compound Engine was introduced, and sLxty-two 
since a high-pressure cylinder was placed at the other 
end of the beam. 

In another part of this work examples will be 
giTen of the compounding of Beam Engines ; and if 
the reader will keep steadily in view the principle 
and the object of using two cylinders, he will soon he 
satisfied tliat the principle of compounding, in many 
cases, has been injudiciously applied, where the high- 
pressure cylinder has been made too large, and com- 
paratively low-pressure steam used. Had a better 
knowledge of the principles of expansion prevailed, 
a great number of Engines wliich have been com- 
pounded would have been left untouched, considering 
the pressures at which they are worked. To some* 
this may appear to he paradoxical; but the examples 
hereafter adduced will elucidate our meaning. 

WooLFE, also, in 1804j, patented a plan of com- 
pounding Steam Engines. His principle was the sume 
as that of Hornblower and the IIobertons, except- 
ing that he proposed to use eteam at much higher 
pressures than either of the former dared to propose. 
WooLFE also devised a plan of small diameter steam 
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boilers for the generation of steam ; l)is plan shei 
much judiciousness in the separation of his water 
steam into small quantities, thereby enabling him 
use high-prefisure steam with perfect safety — a poiJ 
which is not now cared for as it ought to be ; for it is 
truly awful to contemplate the force pent up within 
large boilers from six to ten feet diameter, and from 
twenty to forty feet In length. No good reason can 
be assigned for the use of such large engines of 
destruction ; for the quantity of metal contained in 
these large and unsafe structures, would produce 
boilers of many times the strength, and of double the 
power, with a less expenditure of fueU were they only 
constructed in a proper form — the simple form of 
greatest resistance. 

"We have next to consider separate High-pressure 
Engines, connected, by gearing or otherwise, to the 
Low-pressure, or Condensing Engines. These Hi^h- 
pressure Engines are often worked horizontally ; and 
two are sometimes coupled, so as to work at right 
angles to each other. The principle of using the 
steam twice in these Compound Engines is the same 
as Hounblower's, with this esception — bis was a 
single high-pressure cylinder, of an equal number 
of strokes with the piston of the condensing cylinder, 
and both cylinders were placed together ; so that what- 
ever pressure there was upon the piston of the conden- 
sing cylinder, an equal hack-pressure was upon the 
high-pressure piston. This is not so where two high- 
pressure cylinders are used. The strokes of the latter 
are not equal with the strokes of the low-pressme 
piston ; therefore the exhaust steam has to be com- 
pressed, or else expanded into a large space, previous 
to entering the low-pressure cylinder. In either 
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ensues from tbe estra back-pressure on the high- 
5ssure piston, or from a decreased pressure upon the 
piston of the low-pressure cylinder, from the steam 
having been suffered to expand in tlie large space 
betwiit the two Engines. Double High-pressure Non- 
COadensing Engines hare generally short strokes ; and 
although they may apparently work well for a time, 
the action and re-action w\il ultimately affect them. 
The power lost in the numefons reversals of the piston 
connecting-rods is a serious drawback from the 
ite power ; and the great friction and conden- 
tion of the steam with the extra wear and tear, 
rolve a considerable loss, compared with the simpler 
leiple of expanding the steam in one cylinder. 
There are other modes of compounding, such as 
iTjng two Beam Engines connected together, the 
first being a n on -condensing one, and the other a 
condensing one. The steam from the Non-condensing 
Engine is allowed to exhaust into a large vessel, and 
there to expand. Then from this large vessel the 
expanded steam passes to supply the Condensing 
Engine. Thus the steam is used twice — first in the 
high-pressure, and then, — when the steam is already 
expanded, — in the low-pressure : an arrangement 
which only proves bow little the constructors under- 
stood the principles of expansion and tbe compound' 
ing of Engines. Allowing the steam to expand in a 
separate vessel without giving out power, instead of 

.^^^liston of the 
densing cylinder, while tht 
and taken in combination. 
exposing the steam to a 1' 
surface, must necessarily rcsu 
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COMPOUNDINO BEAM ENGINES BY A STEAM CYLINDER 

AT EACH END OF THE BEAM. 



The method of compounding Steam Engines with a 
steam cylinder at each end of the beam, was first 
introduced and patented in 1800, by Messrs. J, and 
J. RoBEKTON, of Glasgow, as befote explained ; and 
the method noir adoptwl is onl^ a yariation of their 
plan, consisting of a high-pressure cylinder placed 
half-way between the centre of the beam and the 
crank, so that the traverse of the high-pressure piston 
shall equal lialf of the stroke of the low-pressure 
piston. 

The plan of using two cylinders is ftdly set forth in 
Messrs. Rodbtitons.' specifications. It has lately been 
re-patented, and introduced as a good method of 
compounding Steam Engines. Of the effect of that 
method we here present an example. Were that 
example a solitary case, we should not dwell on this 
part of the subject ; but knowing that this particular 
method of compounding Engines has attained a 
position not warranted by principle nor improved 
practice, wo deem it necessary to go somewhat into 
detail ; and in illustration of the method, present 
diagram No. 71, which was taken from the low-pres- 
snrc cylinder of a Compound Engine, at the Paper- 
Manufactory of Messrs. Pottek and Co , Darwo^H 
near Blackburn. The low-pressure cylinder of th^^ 
Engine is thirty-seven inches in diameter, the length 
of the stroke six feet, working twenty-six strokes per 
minute ; the average pressure upon the piston 
lltbs per square inch ; the power 111 horse, as shewn 
by the diagram. 
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DiAOBAH No. 71. 

ifen from the Top oj a iMe-prature Cylinder oj a Compound Engine, 
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piston for the steam to operate tipon* and by Hisfi^ I 
sing with the hack -pressure of the present male 4l 
working, arising from the disproportion of ihe lii^ 
pressure to the low-pressure cjlinder. as explftiaill 
at page 220. Again: suppose that the steaiia ini| 
admitted on to each piston at 30Ibs pressure per squni 
inch, a higher beneficial effect would be produced! 
the ratio of the increased pressure, by cutting off lb i 
steam so as to expand it to its lowest possible profiHinl 
that is a proportionately increased amount of sartaf ] 
both in fuel and water would be the result ; and 
latter is sometimes as valuable as the former. 
this example we are taught that greet advaot 
must arise from the conversion of the high'pi 
cylinders of Compound Beam Engines, where thf I 
are too large in proportion to the low-pressiat 
cylinder, into condensing cylinders. It is a fallacy to 
suppose that any benefit can arise from eonipounc 
Steam Engines unless the pressure be great and^ 
sensible difl'ereQce in area, or the contents between the 
two cylinders, can be obtained — so that the higb* 
pressure cylinder shall be from four to ten times less 
area than the area of the condensing cylinder, in acco^ 
dance with the pressure; for if the pressure bo great, 
the high-pressure cylinder will require to be propo^ 
tionately less. The steam being divided into two 
cylinders, one at each end of the beam, there will he 
less strain upon the foundation and beam centres tl 
if the steam was worked expansively in one cylii 
to give out the same amount of power. By the 
high-pressure steam through two cylinders attack 
to one beam, in that proportion is there an incc 
strain upon the parts of the Engine, according to 
increased power from the increased pressure, wbic 
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itH times should be ayoided if possible ; for the longer 
fen Engine works the weaker it becomes. An Engine 
may be quite safe when new, working out a given 
j)Ower: but by continued use the metal, from con- 
itant action and re-action, becomes granulated, and 
less able to resist strain and concussion ; and this 
result will be accelerated by over-tension. 

In many cases of compoundiug it Is better to apply 
a separate High-pressure Engine independently of tbo 
liow-pressure Engine, because the power of the higli- 
pressure has not to go through the Low-preBSure 
Engine, as is the case in compounding with two 
cylinders under one beam. The two Enjjines should 
work stroke for strokoj and as near to each other a8 
possible : then the full effect of the steam will be 
gained. Where the cylinders are so far apart as at 
eacli endflf the beam, the steam loses a considerable 
portion of its pressure by condensation and expansion 
in the pipes and passages betwixt the two cylinders. 

It cannot be too often enjoined that in all cases of 
compounding, the high -pressure cylinder must be suffi- 
ciently small in diameter in proportion to the conden- 
sing cylinder ; and if an increase of power is required, 
it must be obtained by increased pressure of steam. 
Improrements in the working and power of Engines 
have doubtlessly been effected by applying a second 
cylinder at the other end of the beam, and using 
higher pressure steam ; but had the valres been pro- 
perly set, and the Engines been worked with the same 
pressure of steam as when compounded, more power 
would have been derived by expansion from one 
cylinder than from the two, with less expenditure 
of fuel and less wear and tear. In most cases the 
advantages attributed to Compounded Engines are 




derived from exptinded high-pressure steam ; and this 
expansion can often be better accomplished with a 
single cylinder than by the mode generally adopted, 
unless the pressure of the steam be great — in which 
case two cylinders may be advantageously applied. 

Take for example the case of Messrs. E-ODGEIT 
AND Brierlet, of Blackbum. This firm have three 
Engines, which formerly required sis boilers to drive 
them, at a pressiure of 20tbs per square inch, con' 
suming 90 tons of coal per week. The valves of 
these Engines were set so as to allow of expansion, 
and two new boilers, to work at 601bs pressure, were 
substituted for the six at 201bs pressure. The result 
of the alteration was a reduction in the consumption 
of fuel of from 90 to 45 tons per week — or a saving 
of fifty per cent. After the alteration the Engines 
worked much better. These decided improvements 
were effected without the aid of additional cylinders. 
Increased pressure of steam, valves properly set, and 
expanding the steam in the single cylinders, produced 
the desired effect. 

Had these Engines been compounded, there is not 
the least doubt but that " the compounding" would, 
as usual, have received all the credit which resulted 
from steam at increased pressure worked expansively. 
An examination of the principle of compounding 
Engines will shew to an attentive observer that in 
many cases the addition of a second cylinder, with 
the steam used at the present pressures, entails a loss 
and not a gain. "Were the same steam at the same 
pressure worked expansively in one cylinder, better 
results in most instances would be obtained, with 
less friction and condensation from there being fewer 
parts to the Engine — all additions to whioh absorb 
power. 
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Diagram No. 73 was taken from one of the low- 
iressure cylinders of a pair of Beam Engines, 
* McNaughted," belonging to Messrs. T. Nieu) aitd 

DuQBAM No. 73. 

Tateti from the Top of a Lov-prasu/re Cylinder. 
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Son-, of Ashton. The cylinder from which 
diagram was taken is 44 inches in diameter. There 
were four cylinders altogether — two high and two 
low-preasure. Tbey worked for a considerable tima 
connected in the usual way. The steam from the boiler 
entered the first, or high-pressure cylinder, and> after 
completing the stroke, it exhausted into the low- 
pressure cylinders at the other end of the beam, and 
expanded to its fullest limit, according to the difference 
of the capacities and contents of the two cylinders. 
It was theu condensed in the usual way. There were 
four cylinders with their valTes, pipes, boxes, and a 
great amount of cool surface for the steam to act upon 
in passing through the Engines. There was also a 
large quantity of extra metal to be moved about, and 
friction to be overcome, which, taken altogether, 
would no doubt be considerable. After a while, 
finding that other parties with Engines not com- 
pounded were using less fuel for the same amount of 
power given out, the proprietors decided that two 
of the high-pressure and one of the low-pressure 
cylinders should be disconnected, and the valves of 
the remaining low-pressure cylinder set to work with 
steam direct from the boiler. This was accordingly 
done, and diagram No. 73 was taken after the altera- 
tion. On an examination of the diagram, it will be 
perceived that the steam has expanded to lOtbs below 
atmosphere at the end of the stroke. Taking the 
diagram altogether, it is an excellent one. The valves 
are well set. The result of the change was a saving 
of 44 tons of coal per month for the same amount 
of work performed — rather astonishing to those who 
fancied that Compounded Engines in all eases must 
result in a saving of fuel. In this case, under the 
circumstances, compounding was a loss. 
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Having now given §everal examplei of the present 
•* feshionable " mode of compounding Engines by the 
addition of a second cylinder; and having adduced 
facts to prove that in many cases where this plan baa 
been adopted better results could have been obtained 
by more simple means* we now come to speak of the 
particular plan itself, protected, as it is pretended to 
have been, by patent. 

We have before explained that the plan of com- 
pounding Engines by the use of a second cylinder 
placed at the other end of the beam, or otherwise 
connected -with the original cylinder of the Engine, 
was patented in 1800, by Messrs. J. ANn J. Robeeton^ 
of Glasgow ; and extracts from their specification 
will be found at page 224. 

In describing that plan, we stated that it had been 
re-paieniedf of wliich statement we now offer proof. 

On the lOth of Becember, 1845, a patent was 
granted to William McNaught, of Glasgow, for 
"Certain Improvements in Steam Engines,"* which 
improvements are described in the following extract 
firom the specification of the said patent : — 

" It will be seen that my improvements consist in 
the application of a non-condensing cylinder to the 
kind or description of Condensing or Low-pressure 
Beam Engines presently used ; and attaching or 
connecting such cylinder to the opposite end of the 
working beam from that on which the condensing 
cylinder is connected : thereby causing the steam, 
after being used in the usual way in the non-con- 
densing cylinder, to be used for impelling the piston of 
the condensing cylinder, after which it escapes into 
the condenser in the usual way." 

• Tbik pttenl cspind in IflSS, 
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The claim made ia this specification is as fol- 
lows :— " I claim as my invention the application of b 
non- condensing cylinder for the purposes hereinbefore 
set forth," * • * • " by applying or connecting 
the non-condenBing cylinder at any convenient part 
of the opposite end of the beam from that on which 
the low-pressure cylinder is attached; and any such 
application would equally be embraced by or compre- 
hended under my invention ; and i& to be understood 
as being claimed by rac accordingly." 

After considering the foregoing, let the reader 
again refer to the extracts from the specification of 
the UOBEETOKs inserted at page 224, and compare 
the claim then made with the clfiim advanced in the 
patent of IS-l-Q, which has now expired. 

Accompanying the specification of the patent of 
1800, are several drawings, or plans, shewing how to 
compound by means of a high-pressure cylinder 
placed at the opposite end of the beam to the con- 
densing cylinder, or by other modes of connection. 
An examination of these plans will shew conclusively, 
that the claim made by Mr. McNauoht, in Ms speci- 
fication of 1S45, is precisely the mode claimed by the 
RoBKE-TONS forty-five years before. 

When describing diagrams 71 and 72, — pages 229 
and 230, — we shewed by reasoning which Engineers 
will admit to be conclusive, that the conversion of the 
high-pressure cylinder of the Compounded Engiae 
into a condensing cylinder, using the one condenser 
and the one air-pump for botli cylinders, would have 
given fifty-five horse power more, with ten per cent. 
less steam, than was obtained by the method of com^ 
pounding adopted. This idea is not a new one to the 
writer. Years ago, and in reference to those yt 
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Engines, Nos. 6S and 69, it was set forth in a report 
to Messrs. Potter a^d Co., and the plan of working 
the two cylinders as condensing cylindera with one con- 
denser and air-pump, was proposed. Since then other 
Engineers have evidently begun to doubt the sound- 
ness of the principle on which Engines are generally 
compounded — the " fashionable plan" having attained 
a position not warranted either by principle or sound 
practice. In proof of this improved feeling amongst 
Engineers, we may adduce the fact that in June, 18i65, 
Mr, JoKATHAN MusGEAVE, of the firm of Mus&eavb 
AND Son, Engineers, Bolton -le-Moors, took out a 
patent* for the application of a second condensing 
cylinder to Steam Engines, both cylinders being 
worked hy one condenser and one air-pump, as the 
following extract from Mr. MusGHAVE'a specification 
will shew : — 

" My invention consist& in the application to Con- 
densing Engines of the ordinary construction of a 
second condensing cylinder, the piston-rod of which 
is connected to the beam in any convenient position 
on the connecting-rod side of the beam centre. In 
working my improved Steam Engine, each cylinder 
would be supplied with steam of the same pressure ; 
and the cylinders, instead of being in connection with 
each other, as in ordinary Compound Engines, are each 
in connection with a condenser, into which the steam, 
when it has acted on the piston, is conveyed in the 
ordinary manner. In case the air-pump and condenser 
of the Steam Engine are not sufficiently large when 
the second cylinder is applied, I propose to add a 
second air-pump and condenser, or enlarge thwe 

• Thit patent eipiied in lite jmt 1858, not being nneired aflvt the flni 
tbrcc jenn. 
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originally employed : the object of my invent 
being to increase the -working power of a 8t 
Engine without incteasing the pressure of the 
employed.'* 

Mr, MusoHAVE here enunciates the proper priodple 
on which to compound Beam Enginesj so as to work 
advantageously and economically with the ordinaiy 
pressure of steam ; and when the present '• fashi^ 
of compounding has in some degree ahatod, and 
true principle become more clearly developed in 
tioe, no doubt a change in general feeling on 
subject will take place, to the great advantage 
parties employing Compound Beam Engines. 



Since the publication of this work, and the public 
therein given to the foregoing extract from Mr. 
Musgrave's specification, Mr. Wm. McNauoht hat 
taken out a new patent for compounding Steam 
Engines, which patent bears date February 25tbt 
1859. 

The following ig an extract from the specification 
upon which the patent was granted : — 

** First, my improvement consists in applying to 
the present form of Engine known as 'McNaught's 
Double Cylinder Engine,* (and patented by me, 10th 
December, 1845), a cylinder or cylinders connected 
either to the crank-shaft of the Engine, or to the 
iEngine through the medium of gearing, the steam 
being supplied to this cylinder or cylinders in 
usual way, and thence pass to the condenser or 
densers of the Engine or Engines." 

It thus appears that after the espiration of tl 
patent taken out in 1845^ Mr. McNauoht has 
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covered that which other people have had in practice 
for years, and which was well known to the merest 
^rro in Engineering — riz., that adding more cylinders 
to a Steara Engine, and Trorking the steam expan- 
RiTely, will result in an increase of power ! 

There are " claims" in this new patent of 1859 that 
are too absurd even for notice. 

On the 5th of October, 1860, Mr. McNacQht 
obtained another patent for " Certain IniprOTements 
iu Steam Engines." 

The following ia an extract from the specification 
upon which this additional patent was granted : — 

'* rirst, I claim the connection of one or more 
cylinders or Engines by gearing to a Condensing 
Engine or Engines, and passing the exhaust steam of 
these cylinders into the condenser or condensers of 
the Condensing Engines." 

The 1S60 patent is, in the particular pointed 
out, the same as the 1859 patent — both of them 
*' claimiiLg" that which had been set forth and advo- 
cated in this work throughout the second and third 
editions. Numerous Engines are working, and have 
been for years, according to the plans set forth in 
these two specifications. Is it not rather surprising 
that parties professing to be leading Engineers should 
be so far behind in a knowledge of what other 
Engineers are doing daily ? 

This system of re-patenting known plans and pi-in- 
eiples has now become so extensive and bo annoying, 
that it is high time some better mode of granting 
patents, and of protecting the public from the 
"claims'* of spurious patentees, should be adopted, 
than that which obtains. Under such new mode 
the legitimate inventor should be provided with a 



21-2 



summary mode of establishing a fair claim to aa 
invention, without the ruinous expense and the 
uncertainty of the present practice. Under the 
present system the humble inventor is often deprived 
of his invention because he has not tlio means to 
enter into a tedious and complicated action-at-iaw. 
Two or more common-sense practical men conld 
decide such cases with far greater facility, and with 
a far greater chance of justice to all the parties 
concerned, than is possible under the present ruinoa\ 
round-about, and unsatisfactory mode. 



There is scarcely any portion of the Steam Ei 
where the makers differ so widely in their proportic 
of the cylinders working with steam at the 
pressure, as they do in Compound Engines. This CfflT 
only be accounted for by the builders not imder- 
standing the principles of expansion. Some contend 
that the high-pressure cylinder should be from one- 
third to one-half the capacity of the condeosiiig 
cylinder ; and the steam cut off in the hi^h-pressure 
cylinder. At pages 220 and 221 this principle is fully 
explained. The next two examples will be in illus- 
tration of tbo proportion which the high-pressure 
cylinder should bear to the low-pressure cylinder. 
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SINGLE CYUNDEH HIQH-PRESSUEE ENGINE 

OONNECTED, AtfD WORKINO STROKE FOR STROKE, 

WITH A CONDENSING ENGINR 

We next adduce esamples of the class of Com- 
pounded Engines described in our heading'. The 
diagrams which follow were taken, from two Engines 
belonging to Messrs. Greates, of Oldham. The 
pressure of steam in the boiler was 90tbs per square 
inch, generated in one of ** IIopkinson's Patent 
Safety Transverse Boilers." The pressure of the 
steam upon the piston of the High -pressure Engine, 
— from which diagram No. 74 was taken, — was 70H>s 
per square inch above the atmosphere. The steam 
was cut off at four-fifths the length of the stroke. 
The average back-pressure upon the high -pressure 
piston, as shewn by the diagram, was 13lbs per square 
inch, leaving an available pressure upon the high- 
pressure piston of 57fta per square inch. The 
diameter of the high-pressure cylinder is 12^ inches, 
or an area of 122f inches. The stroke is six feet, 
working 24^ strokes per minute, or 294 feet in the 
same period. The cylinder was placed in a horizontal 
position, close to the condensing cylinder. The steam 
from the high-pressure cylinder passed into the side- 
pipes of the large eondenaing cylinder, by means of a 
email exhaust-pipe, direct to the pistoOj without 
having lost much of its temperature in passing from 
one to the other, — a point not to be lost sight of in 
the construction and arrangement of high and low- 
pressure cylinders when they have to work with each 
other. 

Diagram No. 75 was taken from the condensing 
cylinder supplied by the steam from the High- 
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pressure Engine. The steam at the oommenoemei 
of the stroke — as shewn by the diagram — is 12BN 

BlAGBAH No. 74. 

Taken Jnm the Horimmitd Hi^^-prmmn Gftiiider of a CompmHi 

Engine, 



'\ 



V 



\ 



e 



— fOW 



I 



HW^":^ 



_J 



it one-foarth the length of the stn^ 
nding in the cylinder to ^^ below the 

DXAGBAH No. 76. 

m the Top of the Condauirtg Cjftinder 0/ a Compound 
EnginA, 
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atmosphere — leaving only 6Jbs to condense ot the end 
of the stroke : tbus shewing that the 85His steam was 
used up to within 6Ibs ; or, in other words, there waa 
only a loss of 6tt)s in 85I1)s — -a very small loss indoadt 
when compared with ordinary working-. The low- 
preasuro cylinder ia 35 inches diameter, or 963 inches 
area ; being nearly eight times the area or capacity of 
the hig-h- pressure cylinder, with which the former 
works stroke for stroke. Here high*pressure steam is 
carried out to a profitable extent. The action of the 
steam at an equal pressure for nearly the fuU length 
of tho istroke upon the high-pressure piston keeps 
the strain and power equal — ^each Engine being con* 
neeted to the first shaft. The power of the high- 
pressure cylinder does not go through the Low- 
pressure Engine, as is the case when two cylinders are 
placed under one beam. The whole case presents an 
example of a Compounded Engine worthy of being 
followed. It is an illustration of the best mode of 
compounding an old Beam Engine, when sufficient 
pressure of steam can be obtained. 

The nest diagrams are from a Compound Engine 
belonging to Messrs. SugdeN And Sons, Corn Millers, 
Brighouse. The pressure in the boiler was SOfts per 
square inch. No. 76 diagram was taken from the 
high-pressure cylinder. The pressure upon the piston 
was 28H)s per square inch, and the back-pressure 
14ib9 per square inch. The diameter of the cylinder 
is 23 inches, or 41BJ inches area. Tho piston travels 
the same number of feet per minute as the condensing 
piston. The average available pressure upon the 
high-pressure piston was, therefore, only lifts to 
the square inch. 

Diagram No. 77 was taken from tho luw-prossure 
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atmOBphcre, leaving 27tbs of stefim to condense at the 
end of the stroke. This involved a loss of 27 in 43, 
leaving only 16fl)s of the 43 available for work. 

The difference in the working of the two Compound 
Engines last considered is remarkable. The first 
Bostained only a loss of steam of 6 in 85, and the 
other a loss of 27 in 43 I In the last case, it will be 
observed that the diameter of the high-pressure 
cylinder is 23 inches, and the low-pressure cylinder 
only 22 inches ; the high-pressure having an excess of 
85^ inches in area over (he low-pressure piston 1 The 
back- pressure on the high-pressure piston being 14ibs, 
and the pressure on the low-pressure piston only 12ftis, 
the high-pressure had a preponderance of power of 
two pounds per square inch^ and 35^^ inches greater 
area ! Had the steam from the boiler been stopped 
at the point where the steam was exhausting from 
the high-presaure into the low-pressure cylinder^ the 
Engine would have started back with the force of the 
back-pressure upon the high-presaure piston ! This 
back-pressure was only overcome by the full force of 
the steam from the boiler acting on the other side of 
the high-pressure piston. 

This rery serioua back-pressure caused a great 
"back-lash" of the gearings which was found to be 
destructive to the machinery. To obviate this as 
much as possible, the Engineer placed a weighted 
escape-valve between the two cylinders, that the 
surplus steam which could not be forced through the 
Condensing Engine might thereby escape into the 
chimney — thereby entailing a still further loss than 
the 27 in 43 ! The High-pressure Engine was also 
provided with an cspnnsion-valvo to cut off at one- 
third or any portion of the length of the stroke. But 




tliis was found to be useless : for when the steam 
cut off, and expanded in the high -pressure cylinder 
previoas to being admitted to the condensing cylinder, 
the pressure upon the condensing piston being less 
than the back-pressure upon the larger area of the 
high-pressure piston, the latter had the greatest 
power ; and the eflFect was that the exhaust steam of 
the high-pressure cylinder absorbed, instead of giving 
out, power. Had the exhaust steam from the High- 
pressure Engine been condensed — or, in other Tvords, 
had a vacuum been made within the larger area 
cylinder, and that Engine been worked alone, more 
power would have been given out by that one Engine 
than with the two Engines compounded in the manner 
described. 

Expansion of ateam is a subject wliich is not well 
understood ; for many belicTe that, imder such cir- 
cumstances as have been detailed, by cutting oiF the 
steam in the high-presaure cylinder, and working it 
expansively, they accomplish a similar eflfect as by 
using a small cylinder. A little reflection, however, 
will shew that this cannot be; for the only gain in 
working two cylinders with the same steam arises from 
the difl'ercnco of the areas. Where this is attended 
to, according to the pressure of steam, bo will that 
steam be used up with the least expenditure of fuel. 
The great object, therefore, in constructing Compound 
Engines should be to have the high-pressure cylinder 
of such size — that is, so proportionately small in 
dimensions — that the steam may be on for nearly 
the whole length of the stroke of the high-pressure 
cylinder; and no expansion should take place, if 
possible, until the steam is admitted on to the 
piston in the condensing cylinder. 
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In the construction and mode of working of the 
Engines last described the proprietors had placed 
themselves ia the hands of one of the largest 
Engineering establishments in this locality, in whom 
they had every confidence ; and though the defects 
of this mode of compounding were pointed out to 
them, and a plan for remedying the injurious action 
and consequent loss of power was laid hefore that 
firm, they would neither listen to the suggestions nor 
effect the alterations proposed. 

Compare the principle of compounding in this latter 
case with the one adopted in the ease of the Messrs. 
Gheaves ; the latter having the higli-pressure cylinder 
of one-eighth the area of the condensing cylinder ; 
the other with the high-pressure cylinder one-ninth 
larger than the condensing cylinder 1 This great 
difTerence is a proof that the true principle of com- 
pounding Engines was not understood by the con- 
structors of the Engines belonging to Messrs. Sugden 
AND Sons. The intolerant spirit which is too often 
engendered by the success of large firms, would, were 
the parties possessed of the requisite power, render 
principle subservient to deiicient knowledge. Luckily 
this is beyond their reach ; and however firm may be 
the hold wliich great repute may obtain, ultimately 
reason and truth will prevail over mere presumption. 
Success in business does not always proceed from 
talent ; for in many establishments a man of tact is 
of far more importance to commercial success than a 
competent and well-informed Engineer distinguished 
by that modesty and absence of presumption with 
which true knowledge ia always accompanied. 

The Engines last referred to worked about three 
years m the state described ; and during that period 
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BWeral pairs of driving- wheels wcro worn oat. The 
teeth were not cut a\ray at the front, but at the back, 
aa may readily be imagined from the great " back-lash' 
sustained, thcHigh-pressure Engine having a tendency 
to start back at each reversal of the stroke. Anothec 
result was a great destruction of the small wheels^ 
the spindles, together with the "eyes" in the ceotn 
of the mill-stones ; and instead of the corn being 
properly ground* the millers designated the process as 
" chopping," which was a description much too true. 
When the atterationa to remedy these defects were 
proposed, the makera of the Engines objected. la 
the first place they would not work under the inspee- 
lion of other parties ; and, secondly, they stated that 
the proposed alterations would not answer. So con- 
fident were they of this, that they refused to work out 
the alterations even if the plans were placed in their 
hands without control or inspection. The owners of 
the Engines were not, however, to be thus intimidated 
by men carrying pretension too far ; and, as " necessity 
has no law," the stoppage of the Engines wa« a 
necessity they could not disregard. 

The plan of alteration adopted and carried out was 
as follows : — The exhaust-pipe of the nigh-pressure 
Engine was disconnected from the Low-pressure 
Engine, and conducted to the Low-pressure Engine 
condenser ; the valve of the High-pressure Engine 
cylinder was made to cut off the steam when the 
piston bad travelled one-fourth the length of the 
stroke ; thus allowing the steam to espand lu the 
high-pressure cylinder. On the return stroke, the 
exhaust steam was condensed in a small cistern, which 
cistern communicated with the condenser of the Low- 
pressure Engine. The air-pump of the Low-pressure 
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Engine osuried off the water of both En^nes from the 
one condenser.* In other words, the High-pressure 
Engine was converted into a Condensing Engine, 
osing steam at a less pressure thin before, and 
expanding it to Tibs below the atmosphere in what 
had been the high-pressure cylinder; thus obtaining 
from the st«am 32lbs out of 401bs, or a loss only of 8 
in ^rO — and the En^nea increased in power to a great 
extent. Previous to the alteration, the loss was 27 in 
43, After the alteration, both Engines were worked 
direct from the boilers ; and the ralves were set so as 
to cut off the steam in accordance with the pressure. 
This course allowed it to expand in the cylinders, 
making the most of it by taking in the steam at the 
highest available pressure, and parting with it at the 
lowest available pressure xmder the eircumstances. 

Steam worked expansively in one cylinder, where 
the Engine is sufBciently strong for expansive action, 
will be as economical as any other contrivance. The 
gearing of the two Engines last described was con- 
nected ; and as the steam in the boilers was of 
equal pressure, one throttle- valve governed the two 
Engines. 

This is an example of a High-pressure Engine being 
converted into a Condensing Engine ; a Compound 
Engine being changed into two Condensing Engines, 
with one air-pump. On the areas of the two pistons, 
after the alteration, the steam acted with greater 
force — as a great portion of the resistance was removed 
by forming a partial vacuum in the two cylinders. The 

■ S» [nigc 240, wlisre iher* l« bd fiIricI from Mr. McN ii'ijiir's upecificntinn, 
3atUA 1859, Tie Engine of M«t)rh Sithobn »M nlurcd jeari Morr tlip "elaim'' of 
tliiaiprclfiraiiion wu mad(: ; alsn onr nt Moan. Fiu.dimu A!<a Jjchmn'b, of Black- 
burn. 01 wi^ll MS two il OIqmuji. nnd Hwenil Dthen. 
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result was a great augmentation of power. There was 
no " back-laab," but steady turning ; and the process 
of grinding was more perfect, with considerably lesg 
wear and tear. Before the alterations tho Engines 
were not able to drive the whole of the machinery. 
Since the change they easily do this, and have had 
more added to them. The extra quantity of work 
now performed, with the regularity of speedy and the 
increased power, are sufficient proof of the advantages 
of the changes made. These facts prove also how 
people are sometimes misled by those who ought to 
know more of the business they follow. Had the pro- 
prietors in this case given in to the dogmatism of 
those in. whose bands they had originally placed 
themselves, their Engines would still have been in 
the defective state formerly described, to their great 
annoyance and loss. As it is, they are reaping the 
benefit of the alterations which the makers of these 
defective Engines would oot couotenance. 

Diagrams Nos. 78 and 79 were taken from a pair 
of Beam Engines working- together, one high and one 
low-pressure, belonging to Messrs. James Baylet 
ANB Sons, Albion Mills, Staley Bridge. The steam 
waa OOlbs to the square inch, generated in one of 
" Hopkinson's Patent Transverse Safety Boilers." 
The high-pressure cylinder is 20 inches diameter, with 
a seven feet stroke, working 20 strokes per minute* 
The Low-pressure Condensing Engine cylinder is 38 
inches in diameter, with a seven feet stroke, and also 
working 20 strokes per minute^ The steam from the 
high-pressure cylinder exhausts into the low-pressure 
condensing cylinder, working stroke for stroke. These 
Engines are giving out 225 horse power, with 22 tons 
of common " skck," or small coal per week — the 
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of the mill, &c.> ioduded. Before the com- 
of these Engines was efi^tedj with high 
lerated in the new boiler od the safety 

DlAQBAM No. 78. 

K the Top of the Bigh-pratare Cylinder of a Compound 
Engine. 
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BUOBAH No. 70. 

Taken from the TVip of ike Low-premtre Cylinder of a Compound 

Engine. 
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principle, the greatest item in the working of the 
establisbmont was the eost of coal ; but since the 
ohange the expense of oil to lubricate the machinery 
is greater than the cost of fuel used to propel that 
machinery ; and although this boiler worka at a 
pressure of OOlbs to the square inch, there is much, 
less wear and tear than at most other places where 
the pressure of the steam is much less. And as the 
proprietors do not apprehend a boiler explosion, 
because of the secure principle of boiler -construction 
adopted,' — a construction calculated to resist a pres- 
snre of 7001bs to the square inch, — it is not necessary 
to employ any one to examine and " report " upon 
their boilers and Engines. These boilers are provided 
with two of " Hopkinson's Patent Compound Safety 
Valves," Should the water become insufficient, the 
valves let out the pressure and render further work- 
ing impossible, until water be supplied in sufficient 
quantity. The valves cannot be tampered with, or 
the pressure increased, while the boilers are working. 
As regards the consumption of smoke at this place, 
very little is made — the furnaces having sufficient 
area, so that the fuel does not require to be con- 
stantly disturbed. All these advantages have been 
secured by a. comparatively small outlay. Compare 
the results obtained in this case with the common run 
of cases, and the advantages are most marked — indeed 
extraordinary ; while the simplicity of the plans 
adopted ensures durability and permanence to the 
improvements effected. High-pressure steam can bo 
used with greater safety than most low-pressures with 
the present large flat-ended boilers. This can be 
effected simply by having boilers of the simple form 
of construction — of the cylindrical form, with " egg 
ends." 



30 



258 



On examining the high-pres£urc diagram (No. 78), 
it will be perceived that there is a partial vacuum od 
the exhaust side equal to 4ti>s for part of the stroke— 
and a back-pressure for the other part. This shews 
that the Bteam has not much space belB-ixt the 
two cylinders to expand in — a point of great impor- 
tfmco- Whatever loss is sustained between the twg 
pistons cannot be recovered again; because, necea- 
sarilj', so mach less force will be brought upon the 
Lirgo area according to the amoimt the steam has 
expanded before eserting its power in the second 
cylinder. On examining the low-pressure diagram 
(No. 79), it will be seen that there are -ilbs above 
atmosphere at the commencement of the stroke, and 
6fcs below atmosphere at the termination of the 
stroke. This accounts for the partial vacuum at 
portion and the back-pressure at the other portion 
the stroke, as shewn by the high- pressure diagram, 

ON THE COMPOTrNDirrO OF NONCONDENSINa 
ENGISB&. 

Haying previously explained the advantages to be 
derived from compounding Condensing Engines (see 
page 218), we will now endeavour to shew that equal, 
or greater advantages may be derived by compounding 
Non-condensing Engines, using very high-pressure 
steam. The manner in winch this can be effected is 
by using two or more cylinders, the same as in the 
case of High and Low-pressure Engines ; excepting 
that under the plan now proposed, the steam from 
the Non- condensing Engines will exhaust into the 
atmosphere ; therefore, 15fts or upwards will be lost, 
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there being that amount of resistance to overcome. 
But where the steam is at a very high pressure, say at 
SOOIbs per square inch, the loss of 15 in 300 is less in 
proportion than in Condensing Engines worked with 
steam on the piston at 20fcs per square inch ahove 
the atmosphere, and expanded in the cylinder to 8H>s 
below atmospliere ; for in the last case the loss would 
be 7 in 35, or one-fifth of the whole, besides the 
power required to work the air-pump ; while with the 
Tery high pressure supposed there would only he a 
loss of 15 in 300, or one-twentieth. The loss will be 
in proportion with steam at other pressures. When 
the system of high-pressures can he fully carried out, 
they will be found more economical — in fuel, water, 
space, and outlay — than the present system in its 
best examples. To accomplish this, all that is neces- 
sary is a properly constructed boiler, and superheating 
the steam with the waste heat. In time, this prin- 
ciple of high-presBure will be applied to Marine 
Engines as well as to Stationary Engines. 

If we consider the practical application of high- 
pressures in Locomotive Engines, we are forced to 
contrast the two branches of Railway and Stationary 
Engineering. Why is itj that the former should have 
advanced so rapidly, with such manifest advantage, 
and the latter have comparatively remained as its 
name indicates-^staiiofiary ? What more is required 
to bring the latter up to the standard of the former, 
than a practical application of the same principles ? 
— the principles laid down by Watt, HoKNELOWEitt 
and WooLFE. It is but just to the memory of these 
men to state that the principles of the major portion 
of the improvements since efFected in the Steam 
Engine, — whether Stationary, Marine, or liocomotive, 
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— ^were clearly seen, and enunciated by them; 
that it is mainly in material Eind workmanship 
we exceed them or their day. 

The principle of compounding Non-condensing 
Engines (when we learn how to apply high-pressure 
steam) can be so easily accomplished, and in so small 
a space, that a small High-pressiu-e Engine could be 
Utted in each room in a mill. In that case all that 
would be necessary would be a small steam-pipe 
carried to the VTOrk, instead of the heavy shafting and 
gearing now in use. The different rates of speed for 
the machinery could be varied by the different sj 
of the Engines, which would be a great couvenic 
Tinder such a system, a break-down or a stop| 
would not affect the whole of the rooms, as in the case 
of our present heavy Engines, with their strong build- 
ings, massive shafting, and ponderous gearing. It 
only requires time to bring about these changes : for 
ultimately they will be as practical in the case of the 
Stationary as in the Locomotive Engine. Each room 
in a mill would then have Its own management, and 
be wholly independent of any other. Auxiliary 
Engines, taking httle space, and using high-pressure 
steam, could also be made available for sailing vessels, 
to propel a movable screw, or some other proj 
that could be set iu action when required. 
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WORKING STEAM IN TWO CYIINBERS ; 
FIRST, 
fA HIGH-PRESSCHE CYLINDER : THENCE TO A BOILER 

THENCE INTO A LOW-PBESSUIIE CYLINDER 



Por this method of compounding, the steam should 
be at 90B>9 preasiire, or more, in the boiler, and be 
applied so as first to work a single or double High- 
pressure Engine. In the high-pressure cylinder the 
fiteam would be SOlbs to the square inch, let on for 
five-sixths the length of the stroke. This cylinder, or 
pair of cylinders combined, should bo one-eighth the 
area of the condensing cylinder. After passing 
through the High-pressure Engine, the steam should 
then exhaust into a separate steam boiler, through a 
valye, opening iawards. Each stroke of the Engine 
would force the valve open, and admit the steam into 
the boiler. The Talve would close by the pressure in 
the boiler, on the return of the stroke of the High- 
pressm'e Engino. The steam for the Low-pressure 
Engine would be one uniform pressure at the begin- 
ning of each stroke upon the piston of the Low- 
pressure Engine ; and then by working the steam 
expansively, cutting off in the ordinary tray, the 
steam would be used from the highest pressure in the 
low-pressure boiler down to the lowest pressure pos- 
sible in the low-pressure cylinder. This plan would 
realise all the power contained in the steam, except 
the loss at the end of the stroke of the Low-pressure 
Engine ; that loss being the (^uaxitity of steam to be 
condensed, which ought not to exceed half an atmo- 
sphere, or 7|lb9. 

The principle and action of tlus description of 




Engine would be aa follow : — the steam from 
high •pressure boiler would work a High-press 
Engine with a small cylinder, say 12f incl 
diameter, trayelling 350 feet per minute. With 
pressure upon the piston at SOfbs aboTO atmosph 
cut off at five-sixths the length of the stroke, 
power would be 82 horse. This Engine would 1» 
connected with the shaft of the I/ow-pressure Engine. 
The steam, on leaving the high-pressure cylinder, 
would exhaust into a low-pressure boiler, which boiler 
would have to be supplied with water in the usual 
way, and be set up with a furnace, the same as any 
ordinary boiler. A slow fire would have to be main- 
tained, to replace the condensation of steam that ^ 
would take place. Suppose the exhaust steam frd^H 
the nigh-pressure Engine to he ISfts to the squ^^l 
inch above atmosphere, this 15lbs would he a regular 
back-pressure on the high-pressure piston. Suppose 
also that the low-pressure boiler was worked at ISfbfl 
pressure per square inch, and IDflJs pressure brought 
Upon the piston of the Low-pressure Engine, cut off 
at one-fourth the stroke, and the steam allowed to 
expand the remainder ; the diameter of the cylinder 
being 36 inches, the piston travelling 350 feet per 
minute, the steam at the end of the stroke would be 
half an atmosphere, or T^fts. There would, therefore, 
be this quantity to condense at the termination of the 
stroke. The pressure upon the piston of the Conden- 
sing Engine being iSfts, cut off at one-fourth, the 
aver.nge would be 17^ftjs to the square inch. If the 
cylinder was 36 inches diameter, and the speed of the 
piston 350 feet per minute, this Engine would give 
out 190 horse power from the exhaust steam of the 
Iligh -pressure Engine. The total of the combined 
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power of the two Engines woald be 275 horse. The 
Enginea could be fixed at right angles, which would 
balance and steady the power, producing even and 
steady turning — a matter of great importance in most 
manufactories ; or the Engines eould be independent, 
working at any required speed. All this could be 
accomplished with 3fts of coal per hour per horse 
power, if steam of great pressure was used, and if the 
high-pressure cylinder was sul&cieatly small : for it 
should always be borne in mind that in proportion to 
the lesser area of the small piston, is the amount 
of back-pressure reduced. 

This principle of Compounding can be applied to 
the Marine Engine; and undoubtedly the time will 
arrive when most of our steam ships will be propelled 
with Compound Engines, worked by high-pressure 
steam, with greater safety than at the present time 
with the large, dangerous, and complicated boilers ia 
nse. "We see no reason why Bailing vessels should 
not be provided with steam power, to be available for 
every purpose where power is required — in calms, or 
in storms. The power of steam might be used to 
advantage, and particularly for pumping purposes. 
A Steam Engine does not require rest. To that 
machine day and night are the same. Such an instru- 
ment of power ought, therefore, to be more generally 
adopted than it is by our mercantile marine. 
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NON-CONDENSIKQ HlGH^PRESSURE 
ENGINES EXPANDING THE STEAM IN ONE CYLIKDER 

In what has been advanced regarding the expansion 
of steam in one cylinder, the examples adduced hare 
had reference mainly to Condensing Engines ; but as 
there ai*e a great number of Non- condensing Engines 
working steam at Tarious pressures, it may not be out 
of plaee to notice their construction, and the means 
whereby, in most cases, their power may be increased. 

For example : suppose tliat steam, is admitted apon 
the piston of an Higli-pressiire Engine for the whole 
length of the stroke — the average will be the fiUl 
pressure. But, suppose again, that the same Engine 
is provided with a cylinder of increased diameter, and 
the steam cut off so that it can espand the remainder 
of the stroke : in this last case, the saving of fuel 
would be in the ratio of the amount of expansion. 
For economy, steam should be brought upon the 
piston at its highest pressure, and should be cut off 
at such part of the stroke that it can espand to the 
lowest practical point before exhausting into the 
atmosphere ; that is, admit it to the piston at the 
commencement of the stroke at its highest pressure, 
and part with it at the lowest available pressure at the 
ternunation of the stroke. When this is done, all 
the available power will have been obtained from the 
steam employed. But where the steam is allowed to 
leave the cylinder at the same, or nearly the same, 
pressure as it entered, great loss is sustained. For 
example : diagram No. 80 represents the full pressure 
of the steam on the piston the whole length of the 
cylinder; and diagram No. 81 is an example o 
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character. It was taken from a Higli 
I Engine belonging to Hr. J. W. Mott, Le 
load, Clapton, London, where fuel is excea 

DlAGBAM No. 80. 

Tdien from the Top of a HigK-pramre Cylinder. 
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sivoljr dear. It is evident that the first Engine ii 
consuming much more fuel than the latter for th) 
work done. In the Engine from which diagran 

Diagram No. 81. 

TaJxti/iitm tt»e Tap o/'a Ilt^preuure CnUnder. 







No. 81 was taken, the steam was brought upon th( 
piston at the commencement of the stroke, eut off at 
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one-third, and expanded the remainder, down to about 
6S>B above atmosphore, shewing thnt the stoam was 
■well used up, and that the most available power had 
been obtained from steam at that pressure. The 
cylinder of this En^c is 11 inches in diameter, 2 
feet stroke, 70 strokes per minute — or 280 feet per 
minute. It was erected as a 14 horse Engine — but 
by proper nominal calculation it is a little over. The 
average pressure upon the piston is 24i^a per square 
inch, and the power exerted is equal to 30 horse. 
The nature of the machinery tliis Engine has to drive 
is of a very variable character — sometimes taking 
very ^eat power, and at other times very little. To 
remedy the uneven turning of Engines so worked, it 
is usually considered tJiat a large fly-wheel is neces- 
sary. In this instance, however, that idea has not 
l»een acted upon — the fly-wheel being only six feet in 
<Uameter. Still the Engine runs with great regularity. 
The following letter is from a practical Engineer ; 
and as this principle of expanding in one cylinder of 
& Non-condensing Engine has been carried out by the 
writer of the communication, the result of the altera- 
tion will be found worthy of attention : — 

■■ Gnch'-njield, Aprii 5th, 1857, 

" Mr. J. HoPKiNSos. 

" Sib,— I yr\^h tu draw jour tittcntioti to the particulare of an 
experiment witli n High-preaaure Engine, which I have been coniluctlng 
at the Centml Workii, ShetfioM, brfunging to Mr. Shortcuffe. The 
Engine Itul a uiiie-inch cylinder. The stenm w«s admitted during the 
whole length of the etrokc, without cspanding. The boiler evaporated 
900 gallons of water in five houn, with a. veckly consiunption of twcira 
tons of coal. The pressure was TSlte p<^T fifiimre ineh in tho boiler, 
Aiul yet they could not luaiutniii the 6|>ec(l uf tho Eiigine when nU the 
work waa on. 

" Tbc dtcraUoB vhicb wab ntadc was umpl; replacing the tUDC-isoli 
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cylinder with one of 13 inchea diameter, and Biranging tlie valvee : 
to out off the Kteam l:>efore the piaton hiid travelled half the 
allowing the ateain to <!xpaiid the rcmaiiideT of Hit stroke. 

" Sir, if I must state what wdb the gon^ral impreaaion amangvt the 
'EogineeTn of Sheffield, it wns to thia effect ; thnt the new cylinder 
wuuld clriro the work, pmridcd there waa an widitioaal boilicr to snpply 
it with Bbeam. Old; imagine their siirpme, when they found tb»tthe 
Euginie wag drtring the whole uf the work at the proper epct^ and tlte 
boiler only CTSporating 41J gallons of wat«r in five hours, At 55Ti3t 
prcaaure — leas by oue-h&lf than what waa required before ; and this, too^ 
with half the firiug. Instead of requiriag another Iwiler, we had IloIT 
the preeent holler to spare for other pnrposee. 

"Since th^ aUerntion, additioncil work has been added to the En^e; 
still the weekly conaumption of coal is only seven Uma. 

" Thie result, good as it is, is nothing more than ;ou would expect 
from tiUo^ring the steam to expanil, over that of do e^ipnnsion at alh 

"In travt'lling the country, I find that a great nomber of owners of 
Engiuee have yet to derive the advantages which others are deriving by 
allowing the ateam to eipand before leaving the cylinder. The maon 
of thie is, that the meaua of canyiDg out cjcpaiiBiua and early rabunt 
are but little underBtood by thoeo who ought ta have a practical know- 
ledge on the aubject. No doubt one gri"at cause is a want of a more 
general knowledge of the Tndicattir, and ita frequent applicatioa, io 
order to obtain that iarormation which it ia enabled to convey respeoting 
the interior of the Engiae. 

" The diagrams from the Condensing Engine I enclose will shew yon 
the former and present abuto of the Eugiue alluded to. By the fint 
figure it is apparent that the valvea were in anch a state that 63 iiidi' 
ciited horae power was the very utmoet the Engine cfluld drive at the 
proper speed. It is now workmg 146 horse power, with a leea coa- 
Bumptiou of at«ani than l>cfore. 

"1 feel convinced that parties who wiah to work their Engines with 
econotoy, oau aecvmplish thftt purpo&e by applying the Indicator, and 
studying the cause of itB peculiar delineations upon the [raper. By thig 
meana they may olitiihi a sound knowledge of the working of any 
Engine, and aa&ertain where improvement ia practicable, 

" I coufau I am greatly indebted to that inBtnimentt and renuun, 

" Yours truly, 

"ENOCH GLEDHILL.* 

In the case refen-ed to, great advantages have b< 
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derived from the alteration detailed. Similar results 
would have been obtained by using the small cylinder, 
with an increased pressure of steam, worked ex- 
pansirely. 

It 18 from the high-pressure expansive principle 
alone that we are enabled to travel at great speed on 
railways ; and it cannot be controverted that High- 
pressure Stationary Engines are, on the average, — for 
the effects produced, — consuming more than double 
the quantity of fuel to that consumed by Locomotives. 
So little do makers of High-pressure Engines appear 
to understand the principle of using steam expansively, 
that it is rare to meet with a High-pressure Engine 
■with its valves set to cut off the steam until very neat 
the termination of the stroke. The exhaust has almost 
invariably too little " lead/' and the thoroughfares 
are too small ; thereby entailing a back-pressure upon 
the piston — or» in other words, a loss of power. The 
hints here given will indicate to the practical Engineer 
how the remedy is to bo applied; and if this be 
effected judiciously, similar beneficial results to those 
detailed above will follow. 




DIRECT-ACTING HORIZONTAL 
CONDENSINO STEAM ENGINEl 



The accompanying plate (No. 82), represents a 
nominal horse power Direct-acting Horizontal Cc 
densing Steam Engine. It contrasts greatly with 
beam construction hitherto generally applied to Cc 
densing Engines, The great change now taking pis 
with regard to the form, construction, and working i 
Steam Engines, is a subject on which we might d* 
at groat length ; but we here content ourselves 
giying this plate as an example of one of the depar- 
tures from the ordinary construction. The economy 
m construction and room, besides the advantage of 
strength combinod with simplicity — there being fewer 
parts for wear and tear — should be inducements for 
its adoption. Should a break-down occur, the damage 
will be much less compared to such an occurrence 
with a Beam Engine, with its massive beam, connec- 
ting-rod, pillars, etc. 

On reference to the plate, it will be seen that the 
condensor and air-pump are placed at the back end of 
the cylinder, in a place easy of access. The air-pump 
is worked by links from the back piston-rod attached 
to a bell crank ; the cylinder valves are worked by 
the ordinary eccentric; and the Engine is governed in 
the usual way. Tho whole of the working parts are 
bound together on one frame, and arc therefore not 
liable to be separated or strained by the foundation 
buildins; giving way. 
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By some parties it has bcon urged that the lower 
portion of the cylinder of a Horizontal Engine wears 
lore than the other parts. This objection is not 

rifled in practical working. With the cylinder 
phtced horizontally it is found to work equally as 
wdl as a vertical cylinder and piston — and in the 
same way, too, wearing the cylinder a little wider in 
the centre. Of course the horizontal cylinder requires, 
like all other cylinders, to he made of a good quality of 
metnl ; and then, when worked with a metallic piston, 
there is little chance of any uneven wear. 

The objection before named was first started by 
theorists and authors on the Steam Engine, and was 
supported by those whose interest in Ennfine building 
it was to continue to construct in the old methods — 
it not being convenient to make new patterns and 
alter their routine of business. 

Plate No. 83, represents the same Engine, except 
that the air-pump is here double-acting, and is placed 
horizontal, Uko the cylinder, and is worked from the 
back piston-rod : thus doing away with the slides, 
the L leg, and the connecting-rod. 

Horizontal Direct-acting Engines are now beeoming 
general, and former prejudices against them are fast 
dying away. 

In Maj, 1861, at a meeting of a Cotton Manufac- 
turing Company, in Rochdale, a discussion arose as to 
the merits and demerits of the Direct-acting Hori- 
zontal Engine as compared with the Beam Engine. 
A report of that meeting appeared in the Sochdale 
Spectator, on the 18th of that month, part of which 
we give because of the truths spoken by a " Mr. 

M ," and the extraordinary letter of Messrs. J. 

PsTBiE AND Co,, setting forth some new principles, 



272 

and urging objections to Direct -acting Engines never 
before heard of, except amongst obstructiyes, who are 
always ready to denounce improTcments. At the 
meeting in question 

*' Mr. M Btated that the Board of Piiocture bod hod the opisJon 

of many diBlntereBt^d persoua, who told them if th>ey Btudied Che intcTBili 
of the companj, tbcy vnuld have Horizontal and not Beam Eaginra. 
The Directors had at different times gone tA thdi oWa ^tpeaed to aee tW 
worldDg of difiFerent flarts of Engines ; and after a (ireful inreBtigattiMi 
they hud determined upon what they thought beat for the inlerMte 
of the company. Tiiey had had Mr, M'Naucht at one of their raert- 
ingK, and he, like the Mesere. Prrais, of Roclidaile, and Musobat^ of 
Bolton, advocated the kind he made ; find whichever maker they went to, 
they were sure to be told that the eort they made v/aa the beat ; Uit 
the Directers Lad not been guided by what the mnkera said. They hid 
the teetimony of parties retired from buainCaa, and vho cotiM therefote 
have no interest in recommending any but tlmt wliich they bcliered to tie 
the best. These to a man recommended Horizontal Engines. Hb then 
offered any man present^ if he vm in favour of Beam Enginea, five 
poundn, if he did not say, after he hod seOn both working, thnt Hori- 
eontal wore superior to Beam Enginea. He would ^ve the five pound* 
as freely as ever he gave a Bhilling to hia wife ; aud he com 
comparing Beam Enginea to the ancient bobbin-wheei." 

This "Mt. M " (one of the Directors), spe 

out plainly; and there is too mpch of truth in 
remarks. 

At the same meeting the following letter 
Messrs. Petbie and Co. was read ; — 

" RocfiJale, March 25(A, ISCl.j 
" Mr. Jaues Buckley : 

" Sill, — In reply to your inqniry Os to the reUtive merit* of 'Beam 
Enginea and Direct- acting Upright Engines for spinning purpoaes, wc 
have no hesitation whatever in stating that the Beam Engine is decided!; 
the beat, ae all oxperionce has proved over and over again. In the firet 
place, the Diroctocting ia otmost altvaya a short stroked Engine, seldom 
mor« than 3ft. Gin. or 4ft. stroke. It cannot, conveniently, be otherwise, 
OB a long Btrok« would neoeBKitate tlie fly-wbeel shaft being a great ha 
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np, or the cjlinJL-r, &c., lung dunn in a deep pit, butli vciy otjoctiOB- 

Me, the nearar to the bottom floor of n mill the miiin power cui be 
takca cJf, the firmer &di1 bettor. Second : liiC! short sttoke wmpoiB high 
■peed, and consaiiicDtlj' great wear and tsar of tbe vorldng parts, blic 
air-pumpa and comiectiims, espcdally, get wjutinmUIy out of order. If 
you only conaiJw that tht diameter of the nock of lliio fly-whool flhaJl, 
aayof any 10 hone Beam Engine, U 11 ^in., niouing 30 rcvolutioua per 
DUDuto, and then ascertain the diameter of the fly-shaft neck of any 
10 hone I>ii)}ct-actiDg Engine, aud ita ounibgr of r<jvi>luti^ua, your own 
ootniQon aeoic will tell you whicli ia most likely to work fur a lung period 
withoit requiring renewal ; and thu satmj romark applica to all parta of 
ii-0 Engine. TliirJ ; in ehort-etroked Eii(^ni» you cannot cut off the 
rt«ata earlier tluui half etroko vitk ^idyaiitagi; ; so that the etuam am 
oalf tte expanded to twice it« vuliinii>, wliile in the long-stroke it is gz- 
pandod to five tisuis ita volume, whioh aSeotc a great saving id cuaL 
Fourth : in all the Direct-actiog GuadonaiDg Enginca wo huvv examined 
we 6&d that owing to thk- cyllndLT being put At A lofrer Icvul lluui the 
boilcn, the Engine is very euljject to priming — so much so, that to pre- 
vent coiituiiial break -downs it is necessary to apply water Bufety-valvca 
to the ondB of the cylinder, which, when the dirty water from tho builera 
ie forM;d tluough them, wo need not toll you makes & mesii of tLo Engine , 

*' Tb« al>ovo aro a few of the must prominsut objijctione to tho Upright 
Durect-acCing Engince, and tho Horizontal Direct-acting Engines nrii. If 
anything, still niBre olhjectionaWa We are aware that, owing to there 
being Uttiv more than hiUf tho weight of metal in the Biroct-acting 
Enjg^ne, it can be made for much lees money ; and when; th« Qrat cost is 
tho principal object, they ore sometimes put douii as a steppiug-fitoiio to 
the oLiier ; for instanec, a 40 horao Direct- acting Engine for working 
with steata at 4QIba to SOTba in the boiler, If of the beat conatniction, with 
centres or pivota of motions made of mild steel, Jir cosehnrdcnod iron, 
would cost £700, white a 40 harac Beam Engine would cost £!f50 ; but 
the saving of coal alone by the Utter would pay good interest on the 
whole coat of the Engine, and for durabdity there is no compnrisom 

" The above, ns- wo have said before, are a few of the more praminvni 
objections to the Dircct-actEng Engine, and will bo quite eufficient for 
any one who has any knowledge of, or has had any experience with, 
Steam Engines generally, 

" We are, yoara respectfully, 

"JOKN PETRIE & 00." 
The extraordinary statements of this letter are 
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contrary to " common sense." We are at a loss to 
know liow Messrs. Fetkie and Co. have discovered 
that Direct-actmg Ergines have " almost always • 
short stroke." We apprehend that Direct-action 
Engines, like all others, are mode long or short- 
stroked, according to circumstances — because there is 
nothing to prevent them from being so made. This 
portion of the letter we assume to be a piece of pure 
imagination. Then we are told : — "the nearer to the 
bottom of the floor of a mill the main power can be 
taken off, the firmer, and the better." This self- 
evident truth no one will dispute ; and the Direct- 
acting Horizontal Engine fulfils this desired object to 
the letter. This ia a feature peculiar to the Horizontal 
Engine that "common sense" has long since dis- 
covered ; and we wonder the writers of the letter did 
not discover that no other Engine yet known of lies 
nearer to the floor of a mill than the Horizontal 
Engine ; and that the foundation for such an Engine 
does not require to be one-third the weight and bulk 
of the foundation of a Beam Engine. Neither does 
the former require the same strength of an Engine- 
house wall as the latter — because there are no parts of 
the Engine fixed to the wall as there are in large 
Beam Engines. The latter are entirely held in their 
place by heavy foundations and walls ; and these too 
often give way, from the continual strain upon them. 
In the Mechanical Section of the British Association, 
st the meeting held in Manchester in 1861, a paper 
was read by Mr. Johnson on the " Advantages of 
Drrect-acting Engines over others "; and Mr. Scott 
Kdssbll very justly observed — that formerly Steam 
Engines were partly built of stone ; but since the 
direct-acting principle had become better understood. 
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there was no necessity for much stone work. Ho, 
along with many eminent Engineers who took part 
in the discussion, strongly approved of the Direct- 
acting Engine in preference to the Beam Engine. 

Then we are told that "a short stroke compels high 
speed." Whatevev the length of the stroke, the speed 
of the piston is the same, though the rovolutiona may 
be more or less. The wear and tear of the " fly-wheel 
neck " will he the same Lo all cases, whether the 
Engine be a Beam, a Horizontal, a Vertical, or any 
other description. When the speed is quicker, the 
** fiy-wheei neck " does not require to be so large in 
diameter ; therefore, the travelling of the surface of 
the neck is no greater than with a long-stroked Beam 
Engin e. 

Then we have the assertion — *' In short-stroked 
Engines you cannot cut off the steam earlier than 
half stroke with advantage." As Messrs. Peteib 
ANT* Co. have appealed to " common sense," we do 
not think it requires much of that quality to discover 
the fallacy of the doctrine here laid down respecting 
the cutting off steam in a short-stroked Engine. "What 
difference can it make to the steam, whether the cut- 
oflf be on a short or long stroke ? The steam is cut 
off at a certain angle of the crank, when the piston 
has to travel the same distance in proportion to the 
length of the stroke, whether the latter be long or 
short. If the steam be cut off when the crank is at 
the same angle in botli cases, the expansion will be the 
same in both instances. Messrs. Petbie akh Co. are 
wrong in their statement that steam can be expanded 
better in a long-stroked Engine than in a short- 
stroked one. Such a statement to be sent forth to the 
world from an eminent Engineering establishment, 



276 



proves too clearly what wo have stated in the former 
part of this work — that expansion is not thorougWy 
understood by many Engine builders. This will 
account for the folly of compounding Engines vmder 
certain circumstances, where all sorts of dimensions 
of cylinders are used for steam at tho same pressure. 

Then Messrs, Pbtrie and Co. say : — •" In all the 
Direct-acting Condensing Engines we have examined, 
we find that, owing to the cylinders boLog put at a 
lower level than the boilers, tho Engine is very subject 
to piiming." 

Reasoning out this statement, it must follow that 
in the Locomotive and other Engines, where the 
cyhnders are placed below the boilers, the Engines 
must prime, and be subject to break-downs. What 
difference it can make to the water in the boiler, 
whether the steam has to rise or fall when it has 1^ 
the boiler, we have yet to learn, and should think 
Messrs. Peteie and Co. have to do the same. They 
may draw upon imagination ; but such fancies ought 
not to bo put forth as though they were facts. We 
remember a case of an Engine often priming at 
starting. We wero called in to devise means to 
prevent this. The proprietor and the Engine-man 
both stated that tho Engine was placed too low, 
or that tho boiler was placed too high ; and that this 
caused tho priming. Not believing in a mere fancy, 
wo wished to have the matter tested before the 
boiler was removed, as was proposed. The Engine 
was therefore stopped, and started again, and behold, 
priming did take place I To all appearance there 
eould be no doubt but that the boiler was in the 
wrong place. Had this case been under "inspection," 
probably there would have been a long report, shewing 
the necessity for the boiler being removed. Instead 
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of this, howerer, it was proved to the proprietor and 
his Engine-man that the boiler was not tho cause of 
the priming, as they had been informed ; but that the 
man did not properly understand how to stop and 
start his Engine, When he stopped tho Engine, ho 
did not close the injection-Talve ; and as thoro was a 
partial Tacuum in the cylinder, the pressure of the 
atmosphere upon the sur&ce of the water in the air- 
pump cistern forced water into the cylinder while tho 
Engine wae standing ; consequently, at starting tho 
Engine, tho cylinder was charged with water. Tliis 
was called priming, hut it was no such thing. It was 
not water from the boiler, but water from the cistern. 
The cause was pointed out, the matter was afterwards 
attended to, and " priming*' ceased. To make sure 
that the water would be kept out of tho cylinder, in 
case the valTe should leak or there be a bad joint, we 
had a small pipe and tap inserted in the steam pipe 
leading to the condenser, so that when the Engine 
was stopped this tap could be opened, and air admitted 
to destroy the Tacuum. This effectually put an end 
to the " priming." 

Many Engines have been broken down in conse- 
quence of the injection-valve having been left open, or 
some joint leaking. "Water has thus got into tho 
cylinder while the Engine was standing : and, at 
starting, tho consequence has been more than " a 
mesa "■ — a breaking of the beam or other parts. 

Tlicre are other portions of the letter of Messrs. 
Pbtrie and Co. that are equally miscUievous in their 
tendency, because they propound doctrines incom- 
patible with " common sense"; but we pass them 
over, convinced that the samples we have selected and 
commented on will he regarded as a fair representation 
of the bulk. 




NOVELTIES IN THE OONSTRUCTION OF A 
DIBBOT-AOTINO HORIZONTAL CONDENSINQ ENOI 



Plate 84 is a representation of a 67 nominal horse 
power Horizontal Direct-acting Engine, erected at 
the Britannia Mills, HuJdersfield, by the author. Aa 
there are eome deviations in construction from tlie 
ordinary Horizontal Engine, we shall point them out 
as briefly as possible. 

The cylinder, a, is 40 inches diameter, inside 
measure. The piston has a five-feet stroke, working 
40 strokes per minute — or travelling 400 feet per 
minute. The two ends of the cylinder are cast with 
hollows, partitioned so as to make two cavities in 
each end. The cavity next the inside of the cylinder 
is supplied with steam direct from the boiler, to keep 
up the temperature of the cylinder. The cavity 
next the outside of each end is filled with a non- 
conducting material, to prevent radiation of heat, and 
the ordinary action of cold air. The piston-rod is o£ 
steel, five inches in diameter. 

The crank, b, is formed of a lar^ plate, instead 
the ordinary form of crank. The crank-pin, c, is 
steel, 6i inches diameter. This is fixed io tlie plate 
in the usual way. The object of having a plate 
instead of the ordinary form of crank will be apparent 
— it is to have the means of balancing the connecting- 
pod and crank, and the construction is also much 
stronger than the ordinary crank. On the back of the 
plate, and opposite the part where the crank-pin ia 
fixed, a portion of the rim is mado heavier than the 
rest, BO as to balance the weight of the connecting- 
rod D. E is the Ry-spur wheel, 15 feet 6 inches 



of 

i 



279 



diameter, &nd 12 inches broad on the tooth. The teeth 
h&Te a flange cast on each aide, half the height of 
the teeth, to connect the latter together, thereby 
Btrengiheuing them. The pinion-wheol is seven feet in 
diameter, and is flanged in the same way. The fly- 
wheel shaft is made of wrought iron. It is 16 inches 
diameter in the centre, 11 inches in the necks,, which 
are 22 inches long. There is an eccentrig on this 
shaft, shewn at f. The eccentric has a throw of nine 
inches. It is six inches broad on the face. This 
eccentric works two air-pumps by a X beam — one 
pump at each end. The end of the air-pump beam is 
shewn behind the cylinder, at the place marked g. 
One of the air-pump tops is shewn at h. The air- 
pump rods are eight inches in diameter. The con- 
necting rods from the ends of the X beam are 
flffixed to the bottom of the rods inside the trunks. 
These trunks work in stu^sg boxes and glands, which 
form guides, and keep the pump^rods parallel. The 
diameter of the pumps is larger than usual — but the 
stroke is also much shorter. While one pump is 
descending, the other pump is ascending. They thus 
balance each other^ and the water from the condenser 
is regularly pumped out. On the axis of the X beam 
there is an arm and cormecting-rod, which works the 
rock shaft I, and the arm J, which, by a pair of links, 
communicate motion to the valve-rod k, by a cross 
head. There are two separate valve boxes, l l, — one 
at each end of the cylinder. Each box contains an 
ordinary flat, or two-port slide-valve, worked by the 
rod K, through a stuMng box. The steam enters these 
valve boxes by tlie steam ways m m. These steam 
ways are supplied with steam from the expansion-valve 
ifThe bottom of this last-named valve box is 
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provided with two opcningSj opposite each other— 
eacli communicating with its own steam way. In 
that expansioa- valve box there is also a flat plate, with 
one opening only^ and the plate covers the openings 
in the valve bos bottom. It is made to revolve by 
means of the bevel wheels, o o, driven by the governor 
shaft p. As the plate revolves round, the opening 
in the plate uncovers the two steam ways in turn— 
this valve bos being constantly supplied with steam 
from the boiler, through the throttle-valve Q. When 
the opening in the revolving plate is opposite one of 
the steam ways leading to one end of the cylinder, the 
steam passes into the sUde-valvc box. When the 
opening in the expansion- valve has passed over the 
opcjning in the bottom of its box, and thus closed 
the communication to that particular slide-valve 
box, tho steam that had passed whUo the opening 
in the revolving plate was uncovered, has now passed 
to the piston by means of the slide-valve in the 
valve box t. When the opening in the expansion- 
valve pliite closed, the steam from tho boiler was cut 
oflF, and no more steam can enter the slide-valve 
box until tho piston has made one full stroke. 
Thus the steam in the valve box l is made to 
expand down with the steam in the cylinder, for one 
half of the stroke. For the other half of the stroke, 
there is no steam in tho slide-valve box at all — con- 
sequently, there is no pressure upon the slide-valve, 
until the revolving-valve plate of the expansion-valve 
uncovers the opening again, to admit another supply 
of steam to the slide-valve box. This will again bo 
closed when the piston has traversed 15 inches out 
of the 60. By these means tho steam ia cut off at 
that distance, or at any point arranged for, by hayi 
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the openioga in the revolving- valve plato larger or 
smaller, or giving those openings a greater or less 
amount of lead, which will cut off the steam earlier 
or later, in proportion to the lead. The other slide- 
valve, placed at, and communicatiiig with, the other 
raid of the cylinder, is worked precisely in the same 
manner : the one opening in the revolTing expansion- 
valve plate uncovering each steam way in its turn. 

It is well known that with valves having much 
" lap," or where there are expansion-valves to cut off 
the steam early, there is difficulty in starting an 
Engine. In this construction, this difficulty is pro- 
vided for. There is a handle-wheel at r, by turning 
which the expansion-valve ])Iate is raised from its 
seat, continuing to revolve at the same time. Thus, at 
starting the Engine, when the revolving- valve plato ia 
raised, the steam passes to each slide-valve box in the 
usual way, being on at full pressure for tlxe full 
length of the stroke. The slide-valves having little 
or no " lap," the Engine can be started without diffi- 
culty. When the Engine is fairly on its way, the 
handle-wheel is turned the contrary way, and the 
expansion-valve plate thereby brought hack upon 
its scat. The process of cutting off the steam then 
commences. 

It 13 so arranged that the revolving-valve plate doea 
not rub upon the face of the bottom of the valve box. 
It alUbut touches, and tliis is sufficiently tight for all 
practical purposes. This prevents a great amount of 
friction, and consequent wear and tear. At any time 
the espansion-valve plate can be raised, either par- 
tially or wholly, while the Engine is working. The 
steam can thus be worked less expansively when 
more work is reciuired; 
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400 to 500 indicated horse power. The work the 
Bngine will hare to perform will be, turning one lar»e 
woollen mill and one large cotton mill, with other 
attendant and casual machinery. 

The steam to supply the Engine, and for the other 

purposes of steaming, dyeing, and drying, is obtained 

irom five tbree-feet diameter boilors, 32 foot long. 

These boilers are made with a tongue projecting from 

the bottom ; and these form fire boxes for the furnaces. 

The flame and heat pass between the tongues^ and 

under tbe boilers, into a side flue, where there is a 

two-feet diameter vessel, S6 feet long, eiposed to the 

heated gases, after these learc the boilers. The steam 

passes through this vessel, or tube, on its way to tbe 

Engine, and is thus superheated in a small degree. 

The smoke and gases then discharge into a chimney, 

six feet square at the bottom, increasing in loidth for 

about half the height of the chimney to eight feet 

three inches square. This width is then continued to 

tbe top — the whole length of the chimney being 47 

2rards. 

This chimney is used for other purposes besides 
those of the fumaees. For instance : the wool for 
the woollen mill, after it has been washed in the 
process of manufacturing, is dried by means of the 
chimney draught — a mode of drying much superior to, 
and quicker than, any of the old methods. 

The author is attempting still further improvements 
in the construction of the Horizontal Engine, These 
are about to be applied to an Engine, — now in course 
of construction, under Lis superintendence, — of 36 
nominal horse power, and, in general build and form, 
similar to tbe " James Watt " at the Britannia Mills. 
In this new Engine, instead of the slide-valves being 




placed on the upper side of the horizontal cylint 
tlioy will be placed ia an inclined position near 
under aide of the cylinder. The thoroughfares will 
level witli the lowest part of the cylinder — so that the 
condensed steam in the cylinder will pass away with 
the exliaust steam. At present, with the slide-Talrefl 
on the upper side of the cylinder, thore is always a 
Little water, arising from condensation, left in the 
cylinder. This at times is evaporated hy the heat of 
the cylinder, and then it interferes with the Facuum. 
With the slidc-Talves in the position intended, th^^fl 
will be no necessity for water safety-Talves — becaui^l 
in that position the slide-valves will be lifted from 
their faces, or seats, whenever there is any extra 
pressure in the cylinder from the presence of water, 
— as may sometimes happen at starting the Engine, 
from condensation whUe it hus been standing, or from 
leakage. This arrangement of the slide-valves will 
permit the escape of such water, without endangering 
the Engine. 

The sUde-valves of the new Engine will also be of 
novel construction. They will bo in every respect 
equal in simplicity to the two-port slide-valve, but 
dilferent in the mode of working. The traverse of the 
improved valvo will be but one-half the length of the 
ordinary slide-valve. The steam wiU be admitted on 
to the piston much easier than by the present form of 
construction, and it will be kept on the piston longer, 
as the exhaust will not require the amount of lead 
now necessary. In the improved valve, the exhaust 
will open much quicker than by the present mode; 
therefore, as before stated, the steam will have time 
to force the piston further before it is necessary to 
find means for its escape, and thus prepare for 
return stroke. 
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Instead of the improTed slide-Talves being moTed 
by the ordinary means now in. use, they will be worked 
direct from a log of the X beam of the double air- 
pump — that leg being worked by an eccentric. Under 
this new arrangement the valves can be regulated 
■with a facility and nicety equal in every respect to 
the present mode, while one distinct motion will be 
thus dispensed with. 

The stroke of the air-pumps will he short, but the 
pumps will be much larger in diameter than ordinary. 
The speed of the piston will be 400 feet per minute : 
the length of stroke being four feet four inches, and 
the piston making 45 strokes per minute. In the 
whole construction great care will be taken to balance 
all the parts, so as to secure regularity and evenness 
of motion. The fly-spur wheel will be 13 feet in 
diameter. 



DIRECT- ACTING 
HORIZONTAL COMPOUND STEAM ENGINE. 



In what has been already advanced on Compoimd 
Engines, the various methods described have had 
reference to facts and circumstaacea which have come 
under practical observation. Those facts prove that 
there cannot he a doubt as to the economy of using 
steam ospan sively — w orking it from the high est 
pressure in the boiler to the lowest possible pressure 
in the condensing cylinder — 'thus obtaining from the 
steam all the power it contains, by receiving it at the 
greatest pressure, and parting with it at the lowest. 
This could be best accomplished, however, with an 
Engine so constructed that its working parta will he 
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in proportion to each other, and in accordance with 
the pressure of the steam. 

Having stated the advantages to he derived from 
using steam expansively, we now proceed to explain 
the best form of Engine calculated for that purpose, 
on the compound principle. 

In the aceompanying engraving of a Single 
Compound Engine, a is the high-pressure cylinder, 
of one-eighth the area of the condensing cylinder B. 
Both cylinders are mounted on one frame, and are 
connected by one piston-rod, bearing a piston at each 
end. Between the cylinders are a cross bead and 
guides, which are fixed to the piston-rod of both 
cylinders, and move backward and forward in slidee 
for that purpose, fised also to the fraane of the 
Engine. The cross head is attached to the forked 
connecting-rod d. This eonneeting-rod strides the 
small high-pressure cylinder A, except that portion 
connected to the crank. The shaft and crank are 
mounted on pedestals, fitted to the frame. The fly 
and spur-wheel is on the crank shaft- The machinery 
would bo driven by the pinion-whed, which may be 
fixed to any other part of the rim of the fly-spur 
wheel as situation requires. The eccentric is fixed to 
the shaft in the usual-manner — which eccentric works 
the valve of the liigh and low-pressure cylinders. The 
two cylinders are connected by a pipe. The steam, 
after operating In the small high-pressure cylinder, is 
conducted through the pipes and valves to the low- 
pressure cylinder, whore it expands. Aiter performing 
its operation in the largo cylinder, it escapes into the 
condenser below the frame, where a jet of cold water 
meets the exhaust steam, thereby condensing it, and 
forming a partial vacuum ia the oi'dinary maai 
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The hot water from the condenser flows into a rotatory 
air-pump, shewn in the engraving, underneath the 
framework of the Engine. The pump is propelled by 
a shaft direct from the main shaft of the Engine. As 
the pump is propelled round, the Tanes of the pump 
force out the water at the delivery-valve into the hot 
well in the usual way ; excepting that in this case 
there would he a continuous stream — the pump being 
continually revolving. Or a double-acting air-pump 
can be substituted. Under all circumstances the air- 
pump should bo balanced in its working, so as to 
equalise the strain, and secure steadiness of turning. 
The Engine is governed in the ordinary manner. 

In the Horizontal Direct-acting Compound St 
Engine, as will be perceived, there is hut ono s' 
one spur and fly-wheel, one condenser, one air-pum 
— double or single, — one governor, and two single 
cranks fixed at right angles ; one frame being all that 
is required for a pair of Direct-acting Engines, com- 
plete within themselves. 

Such an Engine, or pair, would be suitable for any 
purpose required. The strain would be all within its 
own frame ; and thus be more economical in wear 
and tear than the ordinary construction. Should any 
of the parts give way, the damage would he less 
than where there is a large beam and pillars. The 
decreased quantity of material is also of importance. 
Less power would be required at the reversing of 
each stroke, there being much less weight to move 
backward or forward than in Compound Beam 
Engines. The reduction in the number of working 
parts, and the general lightness of the Compound 
Engine, with its increased power, are good features, 
requiring less attention in management-— a considera- 
tion of importance. 



This description of a new Horizontal Compound 
Engine is here introduced in answer to repeated 
enquiries as to what kind of "Engine it is preferable to 
use on the compound principle. In laying that plan 
before the public, the author would state that he has 
endeavoured to keep in view six essentials for a good 
Engine, viz : balancing the parts, economy in con- 
struction, economy in room, economy in workingi 
economy in wear and tear ; and last, hut not least, a 
construction which will allow every part of the 
Eng^e, and particularly the valves, to be examined 
with faciUty. By the practical Engineer these points 
will be recognised as of importance, because they 
enable him to kC'Op his Engine in proper repair. 
Another advantage is, that when repairs are necessary, 
the parts of the new Engine are much leas in hulk 
than those of the Beam Eagine of the same denoniina- 
tional power. 



EXAMPLE FROM A 
DIRECT-ACTING HORIZONTAL CONDENSING ENOINR 



Diagram No. 82 is from one of a pair of Horizontal 
Condensing Steam Engines belonging to Messrs. John" 
Ceossley and Sons, the renowned Carpet Manufac- 
turers, Dean Clough Mills, Halifax. The Engines 
are, in principle and construction, similar to the 
one shewn on plate No. 3, except as regards the 
valves, which, in the Halifax Engines, are worked by 
gear and tappets. The cylinders are each 40 inches 
diameter, with a five-feet stroke, 34 strokes per 
minute; the piston travelling at the rate of 340 feet 
per minute. Upwards of 20HS8 of steam pressure ia 
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brought upon the piston at the commencement' 
the stroke, cut off at one-third, making a yacuam of 
12*5ft)8, with condensing water at 100° to condense 
with. The Engines are working well, and do the 
managing Engineer (Mr, Bailey) much credit. 

Diagram No. 82. 

S^aim fnm rme End of the Cytin ^ir of a Uoripmtal Cotta 

Engine. 
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gentleman has no less than 2»000 horse power under 
his cliarge at the various mills belonging to the firm, 
and more than 30 steam boilers — all of which are 
fitted with the Patent Compound Safety Valve, 

Messrs. Cbosslets' works at Halifax constitute the 
largest Carpet Manufactory in the world ; and Messrs. 
Cbosslet are the largest employers of skilled arti- 
ficers. Those who visit these works find the greatest 
order and regularity, with prompt attention to all 
enquii'ies ; and those who have an idea of the diffi- 
culties generally met with in mauaging large concerns, 
can best appreciate the admirable manner in which 
this extensive establishment is conducted. 




ON THE "SETTING" 

OP STEAM ENGINE VALVES. 



The proper "setting" of Steam Engine valves 
perhaps the most important duty the Engineer 
to undertake, involving nicety of calculation 
raecliauical accuracy, that the strain upon the Enj 
may be equal throughout the whole length of 
stroke. With the assistance of the hidicator. 
Engineer will be enabled to regulate his valves, 
employ the motive power to the best advants 
according to the varying circumstances arisin, 
the peculiar construction of the Engine, the pressi 
of the steam, or the amount of work the Engine may 
have to perform. From the fact that these circum- 
stances of construction, pressure, and work of different 
Engines do vary, it will at onco bo apparent that one 
uniform rule for " valve-aetting^' cannot be laid doivn. 
A perusul of the foregoing pages will have shewn, 
by several of the diagrams and the accompanying 
comments, that various alterations in the setting of 
valves were required to improve and |>erfect the 
worlcing of the diifercnt Engines. Puol is saved, and 
power increased — or, in other words, the power 
generated is rendered most available, when the valves 
are " set " so as to " beat " at the proper time. This 
setting will, for the reasons before assigned, neces- 
sarily h^ve to be regulated and modified according to 
the pressure of tlie steam, the size of the steam ports, 
and the different degrees of expansion. "Sot exami 
see diagram No, 83. 
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The comer a is the steam side of the pUton. Whm 
the crank is at the " plumb -centre " the valve is one- 
sixteenth of an inch open at the bottom of the V, and 
this is called one-sixteenth of an inch lead on the 

Diagram No. 83. 

T/iien from Uu To^o/a Ltm-prature Cylinder witk D Valves. 
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steam side. When the piston has travcEed one-third 
the length of the cylinder, the valve has been opened 
as much as is required, and it is then closed — having 
cut off tlio steam at one-third of the stroke^ except 



294 



the V portion, whicb closes slowly. By tlie expansivo 
action of the steam, the piston is forced forward the 
remaining portion of the stroke. When the piston 
arrives at the bottom of ihe cylinder, the crank is at 
the opposite "plumb-centre." The exbaust-yalve ia 
then open two-thirds — in some cases fully open^ where 
the thoroughfares are small. This is usually termed 
" the lead of the exhaust " ; the steam having escaped 
into the condenser, and a vacuum having been formed 
ready for the return stroke. [See comers b and c] 
Tlie exhaust- valve closes when the piston has travelled 
nine-tenths of the length of the cylinder : and this is 
called the closing of the exhaust. [See comer n.] 
The little steam remaining in the cylinder when the 
exhaust is closed, is compressed, and performs the 
office of a bufibr — checking the speed of the piston at 
ihe termination of the stroke, ready for the return. 
This is called " cushioning." The Engine works much 
easier when the exhaust closes before the end of the 
stroke, more particularly when the piston travels 
quickly, the steam between the piston and the 
cylinder top or bottom, becoming compressed — care 
being taken that the amount of compression be not 
too great, so as not to decrease the power, or strain 
the Engine, The compresaed steam expands at the 
return stroke — giving out power proportionate to the 
compression. 

The foregoing description applies to an Engine with 
D, or slide-valves. 

Tappet-valves may be fixed to cut off the steam and 
open the exhaust at any required distance the piston 
may have travelled in the cylinder, by having the 
tappet made movable, or the faces formed as required. 
In diagram No. S4, the valves are tappet-valves, 
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is cut off at one-seTentli ihe length of the 
The expansive principle can thus be made 
for the varying amount of the work required, 
ing also that valve- setting must vary eis the 
the Engine and the pressure vary. The 

DiAGEAM No. 84. 

the Top of the CyliniJer of a Contttnsinff Enpinf. 
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im, or douhle-beat Cornish valves, can be set 
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lap " is required, and a great pressure m the bofler. 
" Lap" is added on the steam side of the valre, so 
the steam port is only partially opened, and also so i 
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it will close sooner in proportion to the amoun t of e3 
" lap." In such case the eccentric requires moving 
forward in proportion to the extra "lap" added. The 
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pressure being great* and the steam, port having 
sufficient room, allows the pressure to come upon the 
piston gradually, during the time the valve is partially 
open. At page 169 an example is given of what can 
be accomplished with the D valve and eccentric. The 
Talve in that case does not open more than three- 
eighths of an inch, the steam being eut off when the 
piston has travelled one-seventh the length of the 
cylinder. Where the pressure in the boiler is SOfts to 
the square inch, the opening on the steam side, if of 
one quarter of a square inch area for each nominal 
horse, will be quite sufTicient, or that area of opening 
for each 22 square inches area of piston. The opening 
on the eihaust side should be at least one square inch 
area for each nominal horse. Where the valve box is 
too short, and where there is not room for " lap/' the 
thoroughfares may he partially made up to answer 
the purposes of " lap" ; (see pa»e 60, and for example, 
page 192). 

The foregoing table shews the amount of "lap" 
required for slide-valves in general. 

Diagram No. 85 is from an Engine which has 
valves of the O construction. In this example, when 
the crank is at the "plumb-centre," the steam side of 
the valve is one-sixteenth of an inch open, and 
the exhaust-valve four-fifths open. The latter begins 
to close at eight-tenths the length of the stroke. The 
" lap," or cover, of the valve is also long at the 
end; and this "lap," or cover, has an additional 
breadth of face on the steam side greater than 
the width of the two " steam ports." This is for 
the purpose of cutting off the steam early. In all 
cases where "lap" is added, the eccentric should be 
moved forward, in the exact proportion of the " lap," 
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— providiag there were little or no lead prei-iously,- 
wMch will give the same proportion of lead to 
exhaust. Short slide-ralves, which are in general 
for lIij;li'prcssuio Engines, derive adrsuitages 
similar arrangements. The principle of "lap," 
cover, applies to both under similar circumst 

DiAOKAM No. 85. 
Taien Jnim tlu Top of Utt Cylinder 0/ a Coadensuiff Mngmr. 







When the vacuum is had, the closing of the exhat 
requires to be later — because in consequence of th< 
heing steam loft in the cylinder, uncondensed, t 
exhaust requires to be kept open longer thaa would 
otherwise be necessary. 
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TWO ENOlNJiS OOUPLED, WORKING AT RIGHT ANGLES. 

Diagram No. 86 is from one of two Engines coupled 
togetbef, belonging to Messrs. Sellehs, of Burnley. 
The pressure of steam in the boiler was 75ft)8 per 
square inch The valves are of the eommon O con- 
struction, worked with the ordinary eccentric. 

This case shews that valve-setting, with any descrip- 
tion of valve, may be made to cut off at any part 
of the stroke, \vhen the steam in the boiler is of 
sufficient pressure. The valves and ports are not 
large, consequently they require an increased pressure 
of steam. When the steam is reduced to 45lb8 per 
square inch, the Engines begin to lose speed, although 
there is not more than 211ha per square inch upon the 
piston when the Engines are at full speed, because the 
*' lap " on the steam side is so much that the port is 
not more than one-fourth open when the valve ia at 
the extent of its traverse. The whole value of valve^ 
setting and working expansively consists in having 
sufficient pressure in the boiler; for in cases where 
the thoroughfares are small, the pressure makes 
up the diflference. If the steam ports be large, 
expansion, or cutting off in the cylinder, is effected 
with less pressure in the boiler, and that, too, without 
expansion-valves or complicated apparatus. Expan- 
sion can be well effected with the ordinary valves, when 
the steam is at sufficient pressure; and in constructing 
new Engines there can be no objection to having the 
valve boxes and thoroughfares so large that the 
Engineer may be enabled to set his valves in accor- 
dance with the varying pressure in the boiler, or the 
load on the Engine. 
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Diagram No. 86. 

Talen/rom fAe Top of the Cylinder oj a Condetmng Engiitt. 
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Diag^ram No. 86 shews that the steam is cut off at 
one-sixth the length of the stroke, without shock 
or vibration — because the v in the valve face, as 
explained at page 133, allows the steam to be cut off 
early and admitted easily, thus maintaining the pres- 
sure on the piston regularly. It will be perceived that 
the exhaust closes as recommended in the instructions 
on valve-settin;^. The steam side is a little late, allow- 
ing the cranks to have passed their centres before the 
steam la admitted on to the pi&tons. At this presaure 
the valves are bestter without lead, so as to open 
steadily, and admit the steam on easUy ; for when a 
valve allows the pressure to come upon the piston 
easily, it will be taken off in a similar manner. In all 
cases of valve-aetting this is an important point to he 
attended to — what is termed *' easy steaming." In 
Marine Engines the valves have genorallj too much 
lead. Were this point properly attended to. Marine 
Engines would work much easier, and last much 
longer. 

Cornish, or drop-valves, which are usually opened 
and closed by tappets, require to be accurately shaped 
according to the amount of expansion. Expan- 
sion also depends upon the pressure of the steam in 
the boiler, and the dimensions of the ports. There is 
difficulty in forming steam tappets to raise the valves 
easily so that the steam may not rush to the piston 
with too great a force while the crank is passing the 
centre. To effect this, hoops are fitted to the inside 
of the seat of the valve, so that when the valve is 
raised from its seat to admit the steam to the piston, 
it has to pass through the openings cut in the rims of 
the valvoB, as shown by figure 88, which is a section 
of an equilibrium-valve, with hoops cast on the under- 




side of each valro face. Where the Indicator is used 
and imdorstood, if the valve opens too quickly^ the 
fault can bo at once ascertained. 



PROPORTIONS OF A PAIR OF 28* NOMINAL 
HORSE rOWEfl CONDENSINQ BEAM ENGINES, SHE^MBU 
THE MODE IN WUICH THE VALVES ARE SEL 
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Diameter of Cylinden 

length lA Stroke 

Leugth of Steam Porta ... 

Depth <j]' Steam Porta 

Ouver or Lsp of Vivlvo atcwn side 

Bpoadth of Valro fiw» 5{ 

TraverBC of Volvos ,.. ,.. i) 

Btitlli ExhuuBts open at each cud when the Valve is in the centre 0| 
Full luttent of opening of Valvo oil steoui eiJe ... ... 0| 

Full opening of Exlia.aBt aiil^ (being 1 j inchoj) murv LJittQ width 

of PortJ 

Lead ot Valve on ateam aide... 

Lead of Exhaust at pltimb-ceutrc of Oronk (bcluf Gre-eightlis 

of an inch more thun widtt of Piirte) ... .., ... 9J 

Traverao of Piston when tht; Btenci Is cut off; oi iienr oTie-tliiril 

the loDgth of the Cylinder ... . . , .19 

Ti&yQno of Piataa when the Exhaiut-T&lve begins to opeti 48 
Vacmim 

Average pressure of Steam anil Vacuiuu 

Number of Strokas per minuto 

Working huura per week 

Tons of Coal cDiiaiimod per week 

PTGsaure of Steam in Boiler 

iTyection Water . . ^^.. 

Wiitpr from Hot-well ,,. ... ... ... ... 9C 

Valves, loiig sliilcs, with five-oighthB of au inch bevel on th<e i 
of Vaivci, in pUce of a V c:xhiiti&tiiig down the centre. 

Two Beam Eoginea coupled ut right angleo. 

Indicated liorso powor of the two cyliudeifi, 131. 

* ThoM BogiDEi on at Bniillbrd., in YarkiJiirc. Thejr we cnUed tn tlul lo 
!!fi hoTMpawof Engini'H— being time hoTEd leu tluui th« ultululcd nilr. 



M 



ENGINES WORK AS THEY ARE SET : 
GOOD OR BAD. 



It is often said of en Engine that "it will Dot work 
properly, and no one can make it." An inanimate 
body has no will of its own — is unable to dictate 
whether it will do this or the other. Steam Engines, 
of whatever description, " work as they are set to 
work " ; and if an Engine does not perform tlie 
amount of duty it is calculated for. It is not the fault 
of the machine, but the fault of the maker, or the 
Engineer, who does not understand the nature of tho 
machine entrusted into his hands. "WTiere an Engine, 
not OTerloaded, does not work properly, the fault lies 
either in the construction or in the management. If 
proprietors would but bear this simple fact in mind, 
when complaints are made that such and such an 
Engine "will not work," they would speedily see 
their way to a remedy. Defective construction can 
be improved — and bad managers are capable of being 
tanght. 

Had the amount of money spent in paying 
Inspectors to report on the leakages of bad joints, 
and 8uch neglects of management as are always visible 
to the common observer, been employed in enabling 
Engine builders and Engineers to learn the first prin- 
ciples, of the science of steam propulsion and power, 
the advantages to all would have been more perma- 
nent than they are likely to be under the present 
circumstances. 




SHORT AND LONG- STROKED 
ENGINES. 



There is a considerable difference in favour of 
long-stroked Engine travelling the same number of 
feet (IS a short-stroked Engine ; for a ponderous mass 
£n rapid motion has a great momentum. Power is 
retiuired to stop it, and also to put it again in motion. 
The laws of motion, of action and re-action, aro 
reciprocal and equal. All the moving parts of a 
reciprocating Steam Engine are alternately force<l 
from rest, at the expense of the power of the steam. 
The longer the stroke, the fewer are the changes. The 
loss of power fxom change is in the inverse ratio to 
the length of the stroke; therefore an Engine with a 
short stroke will require double the power to work 
itself, compared with one of double the length of 
stroke, if equal in other respects : and although there 
may be a heavy fly-wheel, it does not prevent the loss 
of power, nor even diminish it : but, on the contrary, 
increases it. The uae of the fly-wheel, as is well 
known, is to equalize the varying powers exerted upon 
the piston, and to carry the crank over the centres, 
where the steam has no power; and also to coimter- 
balaneo various parts of an Engine, particularly the 
single-acting air-pump. Thus the power absorbed 
at one portion of the stroke by the heavy body in 
motion, is partly given back at another portion of 
that stroke. 

In a Single Reciprocating Engine the fly-wheel is 
indispensable as a regulator of speed. 
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In addition to the loss of power in a short -stroked 
Engine, there is also a Loss of steam at each end of 
the cylinder, and in the thoroughfares, in proportion 
to the number of extra strokes. The loss from this 
cause alone is a considerable item, where the cylinders 
are unnecessarily long-, and whore there is too much 
space betwixt the piston and the cylinder ends — a 
point worthy of attention. i"iiol, in many cases, is 
wasted from this cause. Erom this last described 
cause, the vacuum of a Condensing Engine is reduced 
in proportion to the extra quantity of steam to be 
condensed. It is evident, therefore, that long- 
stroked Engines will last longer, and require less 
repair than short'Stroked Engines. 

For marine piu7>oses, howcveij the long stroke is 
not of^en applicable. 



« 



CASED CYLINDERS. 



Cased Cylindors were introduced for the purpose of 
preventing the condenaation of steam in the working 
cylinder, by surrounding it with a "jacket," or ease, 
of metal, a few inches larger in diameter than the 
working cylinder ; the steam from the boiler flofl'ijig 
through the case to the valves, and thence into the 
cylinder. 

As many of these Engines arc in operation, it may 

be woU to remind their owners of the great liabilit/ 

of this description of Engine cylinder to become oot 

of order. The accompanying diagram^ No. 87, wm 

taken from an Engine belonging to Messrs. Sdo-diss 

AND Sons, Brighouse. To all appearance^ the steam 

was on the full length of the stroke ; and this was bo, 

although the valve bad shut off the steam when the 

piston had travelled half the length of the cylinder. 

It will be observed that on the steam side of the 

diagram, about half-stroke, there is a decrease ol 

pressure, which shews that the valve was then closed; 

but pressure was kept up to the end of the stroke 

by the steam issuing through the bad joints between 

the case and tha cylinder. The steam had a direct 

escape from the case into the cylinder and condenser, 

occasioning a serious loss. Proprietors^ where cased 

cylinders are used, should pay particular attention to 

this probable defect, or great loss may be sustained 

without any apparent cause. The extra fuel and water 

used, in some instances, from this cause is enormous. 

The object of the "jacket," or case, is to prev« 



row 



307 

Diagram ^0.87. 

r, A^M Engirt' Cyl^""^^- 
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condensation in the inner cylinder ; and yet, by 
mode too ofton adopted, an increased amount 
cooling surface is provided. The object is atl 
equftUy as well, and in some cases more complete 
by covering tbe cylinder with wood, felt, or SOD 
other non-conducting substance. 

A defect in the joints of the metal case can 
be ascertained by the use of tbe Indicator, or 
taking off the cylinder cover, and admitting the 
pressure of steam into the case, to see whether tlie 
joints are tight. These joints are often made of 
borings of cast iron and salamoniae, which, after a 
time, become oiydiaod, and crumble away. The 
joints would be much better closed, and more perma- 
nently, were they made with the cement recommended 
in this work. 

Where the steam can be admitted directly into the 
case at full boiler pressure, the cylinder will be kept 
up at a higher temperature than the steam used 
the cylinder ; because in the case the steam is all 
present, and at the same pressure ; while in ti 
cylinder the pressures vary, from expansion 
exhaustion. The high temperature of the cylind 
thus obtained has a tendency to increase, or rather 
keep up, the temperature of the steam admitted 
it : and this is an advantage over the ordinary mt 
of admitting tbe steam to the cylinder, as the boiler 
pressure and temperatures are often much higher than 
those admitted to tbe piston. But unless the case be 
strong, there is danger of an explosion. This shot 
be carefully guarded against. 

IKagram No. 88 is given to shew the difference 
the amount of steam required by a cylinder si 
rounded with steam at the boiler pressure, and tl 
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DIAGRAM No. 88. 





same cylinder -when there ia no steam in the jadoL 
It was taken from one of the Engines tielonging t) 
Messrs. Hyi>e, Sons, and Soi^'erbt, of Ducldjifieli 
On examination it will be percciTed that when the 
steam was not admitted to the "jacket," the pressm 

on the piston was 20fba abore atmosphere, ma&iiig 
13*79)8 of a vacuum. When the steam was admittrf 
to the "jacket" at the boiler pressure, 36^ fti 
steam upon the piston WEis 18tt>s above atmospfaen^ 
and the Tacuum made was 14*2fcs — shewing that 
less pressure upon the piston was required by ^ 
per square inch at the commencement of the stnAi^ 
and that an increased vacuum was obtained of ^fi) at 
the same tune. It will also be observed that tbs 
closing of the exhaust was not so early as befoR. 
because the steam left in the cylinder was not 
douse. 

This diagram clearly proves that the mode of caaog 
the cylinders adopted by this firm results in & saving 
of fuel of at least ten per cent. Of course there is 
the amount of heat lost by radiation from the 
to be deducted. 

It has been found in practice, that a saving of td 
equal to the amount shewn by the diagram can be 
effected, where the cylinder is properly cased, as in 
the instance adduced. There can be no doubt that 
where the steam flows, it must lose some of its h 
therefore, every care should he taken to prevent 
loss, by covering' the esposod surfaces with felt, 
other suitable material. 




THROTTLE VALVES. 



Thhottie Valves are very often made too largo 
ir steam at high presBurea. In such case, the 
Engine does not work steadily ; for a very slight 
opening admits too much steam, and this causes the 
Engine to jump, and go too quickly. Again, on the 
governor altering the valve, the alteration may close 
the valve too much, and the Engine then loses speed. 
The governor may again throw open the valve, and 
ag^in close it, and thus produce very irregular motion. 
Irregularity from this cause — the Throttle Valve 
being too large — ia often ascribed to the fly- wheel 
being too light, or to tho machinery being worked 
irregularly. Where the Engine and machinery are 
not balanced, the Throttle Valve requires well setting, 
and even then there will be constant irregularity. 

If of the old description of winged-valve, a new 
valve is requiaite* less in diameter ; but if it be a 
Cornish, or double-faced, or equilibrium-valve, the 
remedy is simple. It is effected by putting a hoop 
inside the valve, as represented at Fig. 89 — the hoop 
being less in diameter than the opening, to allow some 
steam to pass up the outside of the hoop, whenever 
the valve opens. This hoop can be made to admit 
any quantity of steam required, and at any given 
distance, by cutting the edge of the hoop into a A 
like form, so that in proportion as the valve rises 
from its seat, the A's of the hoop will increase the 
opening, and allow the steam to pass through tho 
taper spaces. By these means a proper quantity of 
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steam can be admitted by the number and ske of 
openings in the rim of the hoop. The adrantage 
having Throttle Valves of the proper size nnist 
be at once apparent ; and as steady turning is of 

Figure 89. 




importance, too much care and attention cannot be 
exercieed in the making and fixing of Throttle Valves, 
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particulai-ly where the " weight " or the work ia not 
t regular. A proper Throttle Valve will prevent the 
En^B getting: " over speed." 

Figrure 89 ia a representation of a Double-beat 
EQlXLLlBErtJil THfiOl-TLE Valve. a is the inlet from 
i the boiler, whence the steam passes to each end of the 
valve B B, as shewn by the arrows ; and tlien through 
the valve to the Engine, by the outlet d. The inside 
valves B E, are connected to the rod e, which rod is 
attached to the governor by the usual means. C o 
are hoops cast, or fitted, to the under side of each 
valve face, and fit loosely into the valve case. These 
hoops have apertures cut in them of a A form, and of 
such dimensions, or size, as may he found best suited 
to admit the steara through in such quantity as the 
Engine may require, which will be according to the 
pressure : and the A spaces, or nicks, can be varied 
accordingly. The steam will be admitted in greater 
quantities accordingly as the valves are raised from 
their seats ; and as the valves close the steam will be 
gradually shut off. As the openings, or the A spaces, 
move up ox down, so will the steam be regulated in 
its admission to the Engine. In the ordinary Equili- 
brium Valve, without the hoops and the A spaces, 
when the valves are raised from their seats by the 
governor tlie openings of the whole circumference of 
the valves admit too much steam ; and at closing, 
the valves also close too quickly. This arrange- 
ment, in the first place, admits too much steam ; and 
in the second, admits too little — causing the Engine 
to be very irregular in its revolutions; producing, in 
fact, tinsieady (urning. As one valve of the Double- 
beat Equilibrium Throttle Valve is necessarily 
a little larger than the other, the difiFerence in the 
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areas, arising from the low valve having to pw 
through the seat of the top valve, the pressure acti 
UQ the under side of the bottom valve and on the top 
side of the top valve, contrary to each other ; hut u 
the top valve is the larger one, the steam having 
more surface to act upon, doses the valve with » 
power proportionate to the difference in the arcu. 
There thus requires such an extra amount of pomr 
to open the valve as there is extra surfiaoe of the faf 
vnlvo over the bottom one. 



METALLIC PACKINGS FOU 
IriSTONS AND STUFFING BOXES. 



BniCE the introduction of the Metallic Piston, 
patented by Mr. Cabtivbight, in 1797, various modi- 
fications of the plan have been introiiuced, thoug^h 
the principle is unchanged. There can be no question 
that this invention has contributed greatly to many 
otlicr improvements of the Steam Engine which have 
followed ; and Cartwbight is entitled to the merit of 
having introduced what was a decided improvement 
in itself, and which has facilitated the introduction of 
others. 

Where the cylinder is of good metal» and truly 
borod, a Metallic Piston will frequently work for 
years without repair, merely requiring to be kept pro- 
perlj? oiled and cleaned. Many attempts have been 
made to introduce a metallic packing for the piston- 
rod of the Engine ; and this in some instances has 
succeeded, but not to the same extent as the Metallic 
Piston. The common mode of packing with hemp, 
or other elastic bodies, requires great attention, and 
the packing itself frequent lubrication when the 
Engine is at work. Por reasons of economy and 
other advantages, the tendency is to work with steam 
of greatly increased pressure ; and, therefore, the old 
method of packing calls for improvement. One of the 
best methods hitherto introduced is, to encircle the 
piston-rod with brass rings cut in two, diagonally, 
with a little packing at each end, previous to screwing 




down the gland. In practice, this method Is 
to answer well. The packing: should be lubricated by 
a piece of mutton suet placed on the top of tie 
gland. The heat and friction of the piston-rod, in 
passiag up and down, will melt the suet as required, 
and keep the rod in a properlj- lubricated state* witli* 
out much attention on the part of the Bngineer, 
except to renew the suet, which is not often required. 
By this method a great saying of tallow or oil will be 
eflected, and the friction of the packing on the piston- 
roil reduced. 

There is a great variety of Metallic Pistons. The 
Bimpler the construction and tlie better; and it is 
essential that the piston bo made of good materiaJ. 
Indeed, the metal both for the cylinder and air-pump 
of an Engine should be of the best quab'ty. Care 
should particularly be taken that it be sufGeieutly 
bard. Where attention is paid to these points in the 
construction of an Engine, there will be less friction, 
and less oil required to lubricate the parts. 



FEEDING 
STEAM BOILERS WITH WATER. 



BfiTwist the boiler aad the Engine -pump, have a 
self-actLng stop-valve, to prerent the water from 
retm'iung, when once it lias passed the vaive. It 
should be so placed, that the water forced from the 
pump will lift the ralve from its seat, and allow 
the water to pass into the boiler ; but when the pump 
ceases action, the pressure in the boilei- should close 
the valve, and thereby retain the water the boUer has 
received. 

Betwixt the self-acting stop-valve and the pump 
have a tap* branching from the aide of the pipe. 
When this tap is closed, the whole of the water will 
pass into the boiler ; but in case the water from the 
pump is more than ia required to supply the boiler, 
the tap can be partly opened, so that one portion, of 
the water forced by the pump may be sent through 
the small opening of the tap, and conveyed by a pipe 
to any required place, and the remainder forced 
through the valve into the boUer. In proportion to 
the opening or closing of this tap, so will the supply 
of water to the boiler be less or more. Another 
advantage of this arrangement is, that when no water 
for the boiler is required, the tap can he set fully 
open, and the water will flow easily away, and offer 
no resistance to the action of the pump. The ordi- 
nary method is to have a weighted escape-valve, 
which requires power to force the water through ; 




more power in fact than to feed the boiler. The 
weighted valve alao involves great wear and tear. 
A common incli tap will answer the purpose much 
better, at a twentieth part of the cost. 

The tap may be inserted in the pump bottom, or 
in any part of the barrel. When the pump is required 
to force its full quantity of water into the boiler, the 
tap must be closed. If no water is required into the 
boiler, open the tap. Air will then be admitted, and 
the pump will continue to work, taking little power. 
This is all that is required to regulate the working of 
the pump, and that too without putting it in or out 
of gear. 

The '• Injector," for feeding boilers by its own 
pressure of steam, is now largely used, particularly 
for locomotive boilers. The greatest drawback to 
the use of the "Injector" is, that the water used 
must be cold, or not more than 80 degrees tempera- 
ture : otherwise the " Injector " will not act. 



ON THE MANAGEMENT OF THE 

STEAM ENGINE AND BOILER, AND 

THE DUTIES OP AN ENGINEER. 



The ditties of an Engineer are of more importance 
than at first sight woulu appear. He ought to he 
attentive, and conversant with all the details of the 
construction of the Boiler and Engine entrusted to 
bis charge ; otherwise he will he liable to make many 
mistakes, and may unwittingly cause much damage. 

Boilers require careful attention : but under the 
control of judicious managers, they are perfectly safe, 
when properly constructed. Entrust their construc- 
tion and management into the hands of incapacity 
and ignorance, or let reckless folly and hardihood 
have their full fling, and death and destruction will 
almost inevitably follow. 

THE BOILER. 

The Boiler and Furnace require tlio especial atten- 
tion of the Engineer, these being the places where 
the power he has to apply and regulate is first 
generated, and from whicU the most dangerous 
consequences nmy arise, either from neglect or 
ignorance. The following short rules for good man- 
agement ought to he deeply engraven on the memory 
of every ono entrusted with the care of Steam 
Engine Boilers, viz : — 

I. — All dirt and lumber ought to be kept from the 
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partie 



ELodl 



detri- 



top of tlie Boiler, and no person admitted into 

Boiler-house, except on business. 

II. — It should be ascertained that the Boiler 
properly stayed, where stays are necessary, 
larly if fixed with angle iron ; and the cotters (if 
kept up, and repaired as thoy are worn down ; 
should also be seen that all fixings attached to 
Boiler are well riveted on, and good joints 
with proper cement, aa recommended in this 
[aee index] free from injurious compoiinds 
mental to the metal. All leakages ought to be pre- 
Tented, or they will soon destroy the Boiler. The 
flues and the surfaces exposed to heat should be kept 
clean. Soot and dirt are non-conductors, and cause 
a loss of fuel, besides decreasing the power of 
Boiler. 

III. — See that the feed-valve is in good working 
order : see also that the float (if any) and glass- guage 
are well attended to. If a self-regulating feeding 
apparatus is used, it should be closely watched, 
on no account be implicitly trusted. Self-feeders 
Boilers are liable to get out of order, from fri 
in stuffing boxes, from dirt, and from other simi 
causes. Ascertain that the pipes and taps of 
gauge are not made up with dirt or scale. If gxt 
taps alone are used, do not rely upon them to 
the height of the water in the Boiler- If the wa 
be below the tap, the moment the latter is opened 
teat the height, the water in the Boiler primes, a 
rushes to the tap, and shews water when the Bol1« 
is actually short — particularly where great pressure 
nsed. Gauge taps have been the cause of m; 
Boiler explosions, from having deceived the attends 
Where a float is used, see that the float wire is not 
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strained, or worn to a shoulder, but kept free in the 
packing ; and when worn smaller at the foot where 
the wire passes through the Boiler, see that it be 
renewed with a small wire — the smaller the better. 
Where steam is at a pressure above lOibs to the square 
inch, the common float is of little use. In most cases 
with high steam* they are positively dangerous, and 
ought not to he trusted. Stop-valves, or other spindle- 
valves, should he constructed so that the thread on 
the spindle is outside, and may be seen at any time. 
This may he effected by means of a bridge-casting 
attached to the part through which the spindle-thread 
passes. 

IV. — Be provided vrith means to prevent the steam 
getting to a greater pressure than fixed upon. Sliould 
the water from any cause become deficient, the safety- 
valve should let off the steam and stop the working, 
independent of any control, until water is again sup- 
plied in the required quantity ; thus saving the Boiler 
from explosion. Often ascertain that the safety-valve 
is properly adjusted. Be particular that the spindle 
or guides (if any) have sufficient room to work, and 
alfio to prevent the parts adhering. In no case have 
a stuffing-box or spring to a safety-valve. 

v.— Let the length of the safety-valve lever be as 
short as possible, to prevent the extreme pressure you 
are working at from being increased with the same 
weight. Let the joints of the fulcrum be brass, or 
some other metal that will not corrode, or cause the 
parts to oxydize and become fast. The fittings on the 
Boiler should he taken to pieces at least once a year, 
cleaned, re-fitted, and adjusted. This will prevent 
the parts becoming magnetized, and adhering to each 
other. 
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VI. — Whenever, rrom any cause, Iho Boiler- 
hecomo over-heated, open ihe damper €md /■ 
doors to the full, that the cold air mny cool the! 
Closing the damper increases the heat in the flo^i 
by that means the danger is increased. Lead 
or fusible metal inserted in the flues, do not 
the temperature required, after being in use & 
time ; therefore place no reliance upon such 
vances- Above (lUj do not admit water into 
Boiler or relieve the pressure suddenly ; as either 
cause a violent agitation or foaming of the irat 
and this, washing over the heated plateSj will geoe 
more steam than the safety-valve can dis 
creating most imminent danger of an eiplosiot. 
Under extreme circumstances of this nature, the 
^ent into the Boiler, or that brought into cont 
with the highly heated surface, will flash into 
steam, just as if a quantity of gunpowder had 
ignited within the Boiler, tearing everything asund 
The starting of the Engine is quite suf&cient to 
duco a violent agitation of the water by the pressi 
being relieved when the Boiler is overcharged 
beat, and disastrous consequences may be the resii 
Above all, do not depend on open column-pipes 
inserted in the Boiler, as a moans of safety from 
explosions ; for though they will relieve at times irom 
OTor-pressure — to the great danger in such cases of 
running the Boiler empty — they are positively dan- 
gerous from another cause. It has been ascertained, 
by experiment, that though the water in the Boil 
may be reduced so low as to lay some of the pla^ 
bare to the action of the fixe, the water from the 
will not dei^cend below a certain point to equalize tl 
pressure, but will hang from the bottom of the pij 
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in the form of a cone. Under these circumstances 
should this cone from any cause, agitation or other- 
wise, become detached from the end of the pipe, and 
be dispersed over the heated plates, the consequences 
aboTe pointed oat are almost inevitable. In fact, 
these open column-pipes are no safeguard whatever 
again^ a Boiler becoming low in water* or, indeed, 
practically empty. 

VII, — See that the dirt in the Boiler ia well blown 
ont. Some descriptions of water will require the 
Boiler cleansing every three hours, others not so often 
— according- to the quality of the water. If this point 
bo attended to, the Boiler will wear much longer, and 
seldom require opening ; the consumption of fuel will 
also be much less. In Marine Boilers, the blowing 
out at stated intervals prevents the deposit of salt and 
lirae, and is the only thing required to keep the 
Boilers clean. 

VTU.—Have the feed water for the Boiler as hot 
as possible, and sent into the Boiler near the surface 
of the water inside. The eold water will descend, and 
before arriving at the bottom it will become heated; 
thus tending to keep the Boiler at an even tenipera- 
tuTQ. When the water is sent into the Boiler near the 
bottom, it does not rise until it has become heated ; 
and this last mode of feeding tends to keep the Boiler 
bottom cooler than the other portions, causing the 
plates at the bottom to break from unequal expansion 
and contraction — an evil which ought to be avoided. 
The Cornish, Double Fire-box, and Tubular Boilers 
are more subject to this evil than most others. The 
Engineer should therefore^ have the feed-pipes raised 
in the Boiler, when they are inserted in or near the 
bottom, otherwise the Boiler may break in the centre, 
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Mid cause mu<?h loss or damage by the parts of 
Boiler separating. 

IX. — When there are two or more Boilers, iritfc 
feed-pipes connected together, without a self-acttDj 
Btop-valve betwceu each* shut off the feed-ralve to 
each Boiler during the night, or whenerer it is ih( 
worlcing ; the water being liable othcrnise to eiqitf 
itself from one Boiler into another, leaving one of the 
Boilers nearly empty ; more particularly where tUert 
are Boilers working at diSerent pressures. A sdf^ 
acting stop-valve is in the last case absolutely neo«- 
Bary. 

X. — Where junction steam-Talvea are used, or i 
valvo placed between the Boilers and the main steam* 
pipe, 500 that the valve-spindle is one without a wei^ 
or screw, and take every precaution to prevent the 
valve from being weighted down when the Bteam is 
up. Sometimes the safety-valve is on the steam-pipe; 
in that case junction-valves are dangerous, where they 
can be fastened donTi. In the stop-valve for the 
Boiler, the spindle should be constructed with a screw- 
thread, and be outside. The nut for the screw can be 
fastened in the centre of a bridge cast to the valve-box 
lid. WTiere the screws are inside, difficulties often 
arise. In all pipes fixed to the Boiler, have than so 
arranged that the condensed steam will drain hack to 
the Boiler, and not go through the Engine. A great 
saving will be thereby produced, the hot water sup- 
plying the place of cold, according to the amount 
condensed. 

XI. — Where there are two or more Boilers, do not 
keep any one out of action longer than absolutely 
necessary for cleansing or repairs. A Boiler wears 
out faster when not in use, by oxydizlng and corrodiDg 



325 



tlian if moderately worked. It will be found more 
economical to work with "extra Boiler room," than 
to hare one or more " standing." The furnaces will 
be easier stoked by working a thick fire, allowing the 
heat to accumulate, thereby maintainiag a high tem- 
perature in the furnace with slow combustion. By 
this mode of firing, the furnaces will last much longer, 
and in tho case of a Fire-box Boiler, the plates in 
contact with the hot fuel will generate steam much 
quicker, with loss labour and attention, there being an 
Kctra amount of absorbing surface in contact with the 
fuel with the same area of grate. 

XTI. — Where the Boilers are set in brickwork, do 
not me lime in contact with the iron. In setting the 
bricks, use fire-clay, or common clay. Lime with 
damp, eats away the iron quickly ; therefore do not 
use it at all about the metal of a Boiler. Where a 
"midfeather" is placed under a Boiler, it ought to be 
of cast-iron, in the form of a A for the Boiler to rest 
upon. Should any leakage take place, there will be 
little surface for the water to lodge on, WhcneTer 
the flues are cleaned, examine the exterior and interior 
thoroughly. Do this also whenever the Boiler Is 
let off. 

SIII, — Have a good steam gauge to the Boiler; 
one that cannot be tampered with, and one not liable 
to get out of order. Place it in a situation where the 
oold or frost cannot affect it. A column of mercury 
is the truest indicator, when used without a floating 
stick, or " steam peg." ** Pegs " can be made longer 
or shorter, to suit the convenience of the !Fireman. 
Avoid all enclosed metallic springs. India-rubber 
washers, bent tubes, or round ^ial gauges, to indicate 
pressure. Do not depend upon them ; for the springs 
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corrode, the bent tubes lose their elasticity, Ini 
rubber washers become indurated, and the indication 
of the gauge will vary accordingly. There an 
various forms and makes of steam giauges ] but many 
of them are uotliing better than philosophical toys. 

THE FURNACE. 



After seeing that all the fittings of the BoUer 
in the best possible order, turn attention to the Fur- 
nace. There is more required here than the simple 
process of feeding the fire with fuel. In the first 
place, the nature of the coal should be ascertained, 
whether or no it he of a coking description. If it bo, 
the grate bars will require to be more open than for 
coal of a light and gaseous natm-e. Adjust the grate 
surface to the heating or absorbing surface of tlie 
Boiler. This will greatly depend upon the quahty 
of the fuel and the druagbt, and the quantity of steam 
required. If the draught bo good, work a thick fire ; 
but do not break the coal except it cannot be got i 
at the Furnace door, taking care to feed the Fu 
on one side, not covering more than one-half 
gyrate at a time. "When that is sufficiently coked, 
the other side, putting plenty on at a time, leaving 
the middle of the Furnace much lighter and thinner 
of fuel than the sides, and keeping the grate bi 
well open. This mode of stoking — placing the coal 
one side at a time — will prevent the formation o; 
great portion of the smoke which would othe: 
result, and also produce a more steady heat. 
coal so placed will partially damp that side of t' 
Furnace on which it is placed ; therefore the necei 
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of stoking the Furnace when the steam is up. From 
this method of firing, the gas generated will bo given 
out slowly. The greatest quantity of air will pass 
through that portion of the grate where the fuel is 
most consumed, and where the eoal has not been 
made small by breaking, leaving the interstices wide; 
and as the oxygen of the air will be in sufficient 
quantity, if this mode of firing is adopted, to unite 
with the gas as it is extracted from the coal, a con- 
tinuous flame will be kept up, and smoke prevented. 
"When one side of the Purnace so fired is sufficiently 
coked, raise the burning fuel gently with the poker, 
but do not break it into pieces. At the nest firing 
place the coal on the other side of the Furnace, and 
Bimilar results will follow. E-eplenisfa first one side, 
and then the other : and continue to do so in the 
working of the Furnace, keeping out the cold air as 
much as possible. Keep the Furnace door open no 
longer than is absolutely necessary ; and place your 
coal before firing near to the Furnace, that there may 
be no loss of time in charging the fire. All eold air 
coming in contact with the Boiler lets down the tem- 
perature, and does harm. To ensure that the coals be 
sufficiently near, and that the Stoker cannot have 
them too far from the Furnace doors, it is best to 
erect a barrier in front of the Boiler, at about six feet 
distance, with an opening at the bottom. The coals 
behind this barrier will have to be up to the opening 
at the bottom. This mode will enable the Stoker 
to charge his Fm^nace with fuel without moving from 
the front. He will thereby take less time, and be 
able to close the door earlier than if he followed the 
ordinary modes of stoking. 
^Xf a Double Fire-box SQii^^^x^^afJ^^nznaa^ 



alternately, in the maimer above described, and 
illustrated hy the eng^a^^ng, where a and B repj 
tho sides of the fires last stoked» with the g^s ^vem 
from the new fuel» mixing with the air which 
in, the greatest qusmtity through the thin portioa < 




tho fire, as indicated by the arrows. Being 
mixed with air at a high temperature, the gases 
ignite, and comparatirely thorough combustion i»- 
secured, preventing smoke and saving fuel, 
mode of firing is applicable to most FumE 
whether single or double fire-box, or with the 
wholly beneath the boiler. 
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be of alight gaseous description, Imrninfi^ 
\BhGS, work the Furnace in the manner above 
( with the bars a little closer together. 
jere is a bad draught, tbe Enraace will 
brkiug differently, placing a little coa,l on at 
of firing, equally over the ^rate. But this 
ig is, generally speaking, not an econo- 
[uch however depends on the nature and 
the coal, for there are some descriptions 
11 not fire in any other manner. By this 
de of firing, the gas is extracted from the 
[er than the oxygen passes through the grate 
le it. In that case a great portion of the 
s up the chimney in the form of smoke ; and 
,ace door having to be often opened to 
the fire, admits large quantities of cold air, 
jls the Furnace and the fluea : an evil some- 
lified by partially closing the damper when 
I. dirty Furnace will have a similar effect in 
moke. If the grate he covered with clinkers 
1, the oxygen is prevented from entering, and 
i converted into smoko. In fact this is one 
at prolific sourcea of the " smoke nuisance." 
moana avoid having a dirty ash-pit. A pit 
I of ashes is a sure sign of bad management, 
accessary to keep the ash-pit of a Furnace 
1 cool, and the air as dense as possible, as it 
the fire with fuel. If the ash-pit be hot, the 
inds the air, and the Furnace will refi[uire 
mtnlUie^ to pass for the amount of oxygen 
)uld be supplied by less quantities of cold 
eae greater quantities impair the draught. 
jnTeoient, use water for the bottom of tiie 
illowing it to remain to quench the ashes as 
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they fall from the Furnace. The evaporation 
tend to keep the grate cool. Hare (if possible) 
water near the Furnace, so that when cleansing 
firo you can cool the slag, that you may remote 
early. These things properly attended to, will csaat 
the Furnace to wear much longer, and also save fud. 
There will likewise be less labour to produce mofe 
steam in the same time than a slovenly mode of 
stoking would produce. 

A great body of fire will evaporate more water 
a less proportion of fuel than a small and thin 
The greater the intensity of the fire, the mor« st 
will be generated with the same amoxmt of 
Where there are a. number of boilers, it is important 
that the duty of atoking should be properly attended 
to ; and as smoke is a great nuisance easily prevented, 
its prevention is a duty which every Engineer ought 
to attend to. 

With regard to the consumption of smoke, it ma/ 
be observed that tho heat of one fire coming into con- 
tact with the gases of another fire behind the bridge, 
or in what is called '* the combustion chamber," does 
not consume the smoke. Smoke cannot bo consumed 
after it bus left the Furnace, unless air be admitted to 
mix and ignite with it, and the gaa must also be of 
sufficient temperature to cause ignition. The best 
part of the Furnace in which to admit air to ignite 
the gas, is near to where the gas is generated. 1/ 
additional air be required to that which passes throu^ 
the grate, it is best admitted at the bottom of tbo 
Furnace door, or through tho dead-plate, as illustrated 
by the engraving on the nest page, which represents 
a dead-plate pierced with apertures for the admission 
of air through and amongst the coking coal. Tl 
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method of admitting air has been much resorted to 
since the first edition of this work appeared. The 
method is recommended by the ** Lancashire Asso- 
ciation for the Prevention of Boiler Esplosions ;" and 
the author, having had twenty years' experience with 
all and every kind of smoke-prevention apparatus, is 
able to say that he never found anything to answer so 
eflfectually as the mode of firing before described and 
illustrated, in combination with this mode of admit- 
ting air at the Furnace door or through the dead- 
plate, when the requisite amount cannot be got 
through the ordinary grate. 







All Furnace doors should have a number of half- 
inch holes CEist or drilled through, independent of all 
other contrivances. The air passing through theso 
holes into the Pumace keeps the doors cool, and 
assists eombustion. 

The opening between the grate bars is an important 
point to bo attended to. If theso are not sufficiently 
wide, the Furnace becomes a retort for the destruc- 
tiTe distillation of coal^ the gases passing off in the 
form of smoke for want of a sufficient quantity of air 
to consume them as they are generated. Smoke 
is often produced from the bars being too close 
together ; and it is false economy to suppose that fuel 
is saved by having the apertures between the grate 
bars too small. A proper thickness of the bars, also, 
is a requisite in practice. These have been found to 
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answer best wlion from, oue-haU to threo-^oartcxB 
an incU thick. 

Attention to tbe foregoing rales, viz 
firing, clean gratts, wetting the small coal, pladog 
plenty on at a time, firing alternately at the aides, a 
clean ash-pit, and, above all, a good draught, will, for 
all practical purposes, prevent the formation of smoke. 
That attention will also prevent the waste of fuel!, saw 
time and labour, and reduce wear and tear. Of course 
under diiforcnt circumstances modiQcatiozis will be 
required, varying accordingly; but by the adoption 
of the principles herein laid down, the " smoke 
nuisance " would soon cease to be cause of complaii 



THE ENGINE. 
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The Engine itself requires but little attention w] 
in good order, except the ordinary routine of packing, 
cleaning, and oiling the working parts, and occasion- 
ally adjusting the cotters, which on no account ought 
to be neglected. 

Indicate the Engine every day. Perform the o; 
tion when the load is on. Work up the diagram, 
place it in a book^ mth the date, for reference at any 
future time. This mode will denote the differencofrf 
power required under different circiunstances ; and 
also make known any defective working, whenever 
any part of the Engine gets out of order, or whenc 
any shafting or machinery is taking more power 
one time than another. 

It will not be necessary to work up the di; 
each time. When the indicated horse power bas 
once ascertained, the following rule will be found 
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be correct enough for all practical purposes, and much 
more ready than workmg the diagram each time 
thoroughly out. 

EXAMPLE : 

Diagram No, 2 represents 99 horse power, when 
the friction of the Engine and shafting Is deducted. 

Divide by the average pressDTe, 

aC No. 2 diagram... 12Q«}99 (Sjibe torse pover for each poand 

96 prrisBiire per &q^itaj*e iach upon 

— UiO piston, 

3 remaioa ; tliis beiug } of 1 2, it makes 

the total to be 8j horw power. 

If a diagram be taken from the same Engine, with 
less, or more, average pressure, multiply the average 
pressure upon the piston by 8*25, to ascertain the 
horse power the Engine is then exerting. 

EXAMPLE : 

ISBia the preasrare upua the pEaton. 
8*25 the numlMr of hone pover for each pottnil 

' preseure upon the pieton. 

75 
30 
120 



12375 horsepower. 

The horse power bemg 123fibs. It matters not 
whether the horse power be required independent of 
tte shafting and Engine, the calculations are made 
the same. Each Engine indicated will require the 
first diagram taken to be figured up, and worked out 
in the usual way, to obtain the horse power the Engine 
is turning. 

TTse a thermometer to test the temperature of the 
condensing water, which ought not to exceed 120 
degrees of Fahrenheit. Work as much below that 




ainuftphexe, W)i«a tto pomp is wo^ang, ih 
be dofled, of amne. Bj ofietui^ the tap, tb 
of the atmosphere will act upon the colomn of water 
in the tail-pipe of the pomp, betwixt the low ** clack" 
and the rose. The water in the tail-pipe will nisb 
back with a force proportionate to the column, and 
force away the accumolations, aa shewn by the 
engraTing, No. 90. If the pump be not placed much 
higher than the rose, the column will be short, and 
hare very little force to drire off the debris. In that 
oue the pipe above the tap should be carried to an 
elevated ciAtem, containing water. Then, when the 
tap is opened, the rush of water will clear the rose. 
In performing these operations, no stoppage will be 
required. The attendant has simply to open the tap 
for a short time, while the water descends, and then 
cloio it Jigaiii, This little simple apparatus is calcu- 
lated to save much time and trouble; for in some 
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the val76 being too weak ; in that case tbe 

spring and give way, and Tibration is the conseqne 
Tbe tbiottle' valve bein^ too large, has a similar i 
and ia often the cause of Engines working nn&t 
Throttle-valves, regulated bv piunps, vary with 
pressure of the atmosphere; for the water is "I 
or " low," in accordance with the varying pressui^] 

Should the crank-pin, or the bearings of tbe 
■ffhoel shaft, or any of the other parts become 
particular attention is required to prevent thi 
destruction. licad filings mised with oU will 
found to be useful. The load coats the bearings, 
interposes another body between the rubbing si 
Sulphur mixed with oil baa also a good effect. 

The following recipe for cooling necks of shafts 
be found useful, not only for the crank-shaft^ bat 
all other descriptions of shafting — ^particularly 
feet of upright shafting : — 



16Iha of Tatiow, diasolved iu a veasaL 2JIb8 of white Sugar of Leii 

When the TrUow is melted, but ool WiHug, put in the Sugar of Le»i 

and let it b« dissolred. Then put in Slbs of black Antdmonj, 

Btirring tho whole maea till cold. 

It is an axiom, that " prevention is better tl 
cure." There would seldom be heating of necks 
shafting, were those necks made of a proper le 
They should in all cases be fti?ice tho length of 
diameter of the shaft. The " brasses," or stc 
should bo made of good metal— composed of three 
parts of copper to one part of tin. " Good bi 
involve, because they secure, a saving of oil, and 
power. More attention ought to be paid than 
generally the case, to the quality of the metal 
which steps, or bearings of shafting, are made. 
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attention to all packings, to prevent tho 

Btoam or water. Such leakages often cause 
rtructioa than ordinary wear and toar. If 
ition cock or the contlonser he leaky, tho 
1 get into the cyliDiler when the Engine is 

in consequence of the partial vacuum ; and 
ng afterwards, the water will in all proha- 

tho means of breaking the boam or some 
rt. Oare should be taken that all taps con- 
Ith tho cylinder arc closed when the Engine 
, except a small tap connected to the con- 
ind whcneTcr the Engine is stopped, this tap 
B opened to destroy the vacuum — or the 
ly, from some cause, get into the cylinder. 
Qg tho Engincj close the tap. This simple 
lent will be the means of saving much 
ind probably prevent break-downs. This tap 
bo found useful in stopping tho Engine at 
Irod angle of the crank, by admitting the air 
ndonser and destroying the vacuum. 
he pipes and cylinders clothed with a non- 
ig substance, to prevent the escape of calorie 

steam. It will pass away very quickly if 
B not used to retain it, causuig a loss of fuel. 
, vacuum'gauge fixed near to where you pass 
igine-house, that the quality of the vacuum 
ideuscr, or the amount of tho uncondensed 
ay be easily examined. Tho vacuum-gauge 
I one that shews tho pressure of the uncon- 
jam loft in tho cylinder^ and the pressure of 
isphero at the same time, or otherwise it 
B ascertained by tho Indicator, when tho 
^Ojies, whether it be from tho pressure of the 
)r the deficient vacuum of the Engine. 
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In some states of the wefttbar the pressure of 
atmosphere will be under 14lbs to the square 

ami at other times it will be upwards of IS&is to 
Hquaro inch. Stenm may be 20tbs abOTc the 
spbcrc ; but when the pressure ot the latter is 
the steam will be d4fi>s; hut if the preseiire of the 
atmosphere bo 15Ibs to the square inch, the stooin h 
the boiler will bo 35&» ; and so on in proportiao t* 
the Tarving pressures of the surrounding meditun. 

Have proper taps fitted to the top and bottom of 
■yaar cylinder, that yon may indicate your Engine 
with ease. By indicating each end you will aee V 
your valves arc equally set. Both ends can bo 
catcd on one paper. (See page 164,) After usin; 
Ittdicator, clean it well : a dirty Indicaior is an i 
cation of a slovenly EnginGer. 

HOW TO CALCULATE FROM A DUORAM 
THE QDANTITT OF STEAM CSED BY A STEAU EXCISE 



For illustration, we shall first tfdte diagram No. !» 
where the steam is not expanded. 

That diagram shews that the pressure of the ftt««a 
at tho beginning of the stroke, is 12-2Ib8 above ata» 
sphere, and at the termination, lOfbs: the difference 
in pressure from one end to the other being 2*2Ib& 
Tbis difference is caused partly by the closing of the 
Tulve, and partly by the cold cylinder condensing a 
portion of the steam admitted. To ascertain tho 
quantity of steam the cylinder is charged with, we 
must take the pressure at tho termination of tho 
stroke, or at tho point where tho exhaust begins 
to open and reduce the pressure. In diagram No. 1, 
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steam is on for tbo full length of the stroke ; 
therefore we have at ouce tbo exact quantity the 
cylinder is using — lOtbs of steam above atmosphere, 
and 12-3Ebs of a vacuum ; making 23-8lbs of steam 
available, out of the 25tt)3 of steam- pressure used. For 
this calculation, we take the atmospheric pressure at 
151bs — hut it is oftener at 14 3ib8» than at 15tb3. 

Suppose there had been a vacuum of 151bs, then 
the whole pressure of the steam applied would be 
available aa a motive power, viz. 25tbs. 

Wq will now take No. 2 diagram. At the begin- 
ning of the stroke, there is a pressure of steam 17fts 
above atmosphere, reduced by expansion to 6tbs below 
atmosphere at the end of the stroke : and there being 
IStba of a vacuum, it follows tliat there has been 
expended, at each half stroke, a cylinder-fuU of steam 
at 91bs pressure to the square inch : but only Tibs of 
that has been availablo for giving out power. 

Another example is presented by diagram No. iS. 
There is 171bs pressure of steam above atmosphere at 
the beginning of tlie stroke ; and this is expanded 
down to lOibs below atmosphere, the Engine making 
a 13H>s vacuum. Thus, No. 45 Engine is using only 
5lbs of steam per square inch, and 3!bs of this is the 
available power. 

It must be understood, that whatever may bo the 
pressure of the steam io the cylinder at the commence^ 
ment of the siroksy that is no criterion as to the 
quantity used. The quantity used wiU be according 
to the pressure at the termination of the stroke — 
or at the opening of the exhaust — taking into account 
the amo;mt of vacuum, as it appears on the diagram. 
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how to calcltl.vte the epfbctu-e rressube of 
stejUu on the piston 
at the end ok tue stroke, out off at aky pisra5c^ 
when avorked expansively. 

KFIiK. 

Divide the lcng;th of the stroke in inches by tle^ 
distance in intthcs the piston has travelled to tho pi 
whcro the stoara is cut off; then divide the pressarei 
the stoam uith the average vacuum added to Iho 
quotiiiiit : the aeeond quotient will be the pressxu^ 
square inch on the piston at the end of the stroke 

EXAMPLE. 

Length of stroke, 60 inches. The steam cut offJ 
one-third, or whou the piston has traveUed 20 inchi 
Tlio pressure of steam on the piston, 2Blbs. An 
vacuum, 12'5lbs — equals 37'5Ibs. Here wo hare 
inches, wliich, Tvhcn divided by 20 inches, eqitals S;' 
and 37'ulbs divided hy 3 equals 12"61bs, the pressuie 
per square inch upon the piston at tho end of the 
stroke, or 2^tba hclow the pressure of tho atmosphcK. 

The same law holds in all other proportions, anil 
with all other gases and vapours, provided the tem- 
perature remains unchanged. If the valre of aa 



Engine he closed vrhen the piston has trarellod on^| 
fourth of the stroke, tho pressure upon the piston a^' 



pressure upon the piston 
the termination will bo one-fourth the pressure it 
at the comnienccracnt of the stroke ; and the inte 
mediate pressures vary from the highest to tho lowe 
in proportion to the distance trav^elled by the piston 
to tho place where the steam is first cut off. 
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r or gas heated from 32 degrees to 212 degrees, 
•will expand 37B, or 8 of its bulk. It follows that for 
every degree of heat, air or gas expands fl of tIo. or 
^hr part of its bulk at 32 degrees ; thus shewing' how 
important it is to place a gas meter in a cool situation 
or to surround it with water, that the gas may not 
expand ; for the meter will then register more than 
intended. The denser the gas, the less consumable 
quantity the meter registers. Steam should also bo 
surrounded by a non-conductor of heat, to keep up the 
pressure ; for in proportion to the difference in tem- 
perature of the steam and air, so will the absorption 
be more or less, which will have to be made up by an 
extra quantity of fuel. It therefore follows that if the 
cylinder of a Steam Engine can have the temperature 
raised above that of the steam acting on the piston, its 
pressure will ho increased in the cylinder — a point of 
no mean importance. This can be effected by the full 
pressure of steam from the boiler surrounding the 
cylinder, in a case, or otherwise. At Messrs. Htde, 
Sons and Sowekdy's this is carried out by the means 
indicated, as before shewn — and a saving of fuel is the 
result. The steam from the boOcr at full pressure, 
351bs to the inch above atmosphere, surrounds the 
cylinder in a ease. The temperature of that steam is 
283*2% The steam upon the piston is 20Ibs above 
atmosphere, and its temperature only 2G0-9°. As this 
steam expands down its temperature decreases, but 
the high temperature of the cylinder is kept up by 
the means described. Condensation of steam in the 
eyKnder is thereby prevented. 
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STRENGTH OF 
IRON BARS AND BOILER PLATES. 



Tub table wliicli follows on page 352, is the result 
of a series of tests conducted by Messrs. Robert 
Napibr and Sons, of Glasgow. As these resulta 
differ from others given in this work, we feel called 
upon to say that the tests seem to have been conducted 
with ^cat care, and were all made with loads applied 
gradually. According to these tests, StalTordehiro 
bars wore very nearly equal to those from Yorkshire, 
YorksMre Boiler Plates vary from the strongest, 
lengthwise, 56,005, to the weakest, crosswise, 46,221, 
These fig^uies would represent the tenacity, or the 
pcaisting power of a boiler, supposing that the plates 
were welded together ; but as this is not practicable, 
one-half, or thereabouts, of the resisting power is cut 
away by the formation of rivet-boles. The strength 
of the boiler ia thus at once reduced to 23,110, or half 
the strength of the plate ; and this, too, on the suppo- 
sition that the rivet-holes in the plates are bored. In 
the case supposed, this rule would apply ; but in the 
ordinary way of boiler- making, the rivet-holos are not 
bored, but punched out of the solid cold metal by 
powerful machinery. This punching to a great extent 
impairs (he tenacity of the remaining portion of the 
plate beticiict the holes. Then follows another process 
more injurious than the former — what is technically 
called " drifting." This "drifting" is a process where- 
by the holes of one plate are made to correspond with 
the holes of another plate, when the plates are in 
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progress of being' riveted together. When the holes 
do not exactly meet eaclt other, so that the livei will 
pass easily through both, the boUer-makeir uses an in- 
strument called a ** drift." This is a taper '* mandriV' 
which is driven into the two holes, and widens them 
out by the force of blows with the hammer. It often 
happens that the metal betwixt the holes at the edge 
of a plate is " cracked " with the " drifting" ; in many 
cases weakening, and in others so far destroying, tlie 
tenacity of tho remaining metal, that the strength of 
the remaining portion cannot be taken at more than 
20,0001bs. In some instances where the plate in its 
process of manufacturing has had little cut from its 
edges, when being " squared up," the edges of the 
plate are quite brittle ; and then, what with the 
before-mentioned mode of punching, and what with 
bending the plate in a cold state, such plate may be 
frequently seen " cracked " from hole to hole. From 
these and aimUar causes, a boiler is often more than 
half destroyed before it leaves the boiler-maker's yard. 
In the process of bonding Boiler Plates cold, the 
fibres of the metal are stretched* and their tenacity 
impaired or destroyed. Were they passed between 
bonding-rollers when heated to a proper working heat, 
the fibre would be properly drawn out, and its tenacity 
preserved — the same as in any other process of forging 
or shaping wrought iron. There cannot be n doubt 
that in the case of boiler-flues bent cold to diameters 
varying from two feet to three feet, the plates are 
thereby weakened to a great extent. So long as the 
present mode of boiler making is pursued, we shall 
have weak and defectiye boilers. The expense of 
heating the plates, for the purpose of bending them 
without injury, would be trifling. And there would 
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be another resulting advantage r if there were any 
" flaws" ill the metal, these would sooner sliow in the 
plate when in a heated state, than when bended in a 
cold state. 

The sug^tion. lias often been thrown out, that 
were the rivet-holes of Boiler Plates bored, intcad of 
being punched, one part of the evil above pointed out 
would be remedied. There is no doubt but that pro- 
cess would be a great improvement upon the present 
practice ; and if some independent firm would make 
boQers with the same care and attention to material 
and workmanship as they do in Steam Engine con- 
struction, they would command a trade, although 
their prices would necessarily be higher than those 
who '* make " in the ordinary manner. To the user, 
boilers thus carefully built would be much cheaper in 
the end, to say nothing of the reduction to risk of life, 
the loss of which cannot be compensated for ; and tbis 
to the humane is a consideration of importance. 

The rule laid down for the strength of Steam 
Boilers, taking the tenacity of the plates at 60,000, is, 
according to the tests of the Messrs, Napier, far too 
high ; and considering the before-mentioned methods 
of boiler making, wc ought not to calculate the 
resisting power of boilers at more than two-thirds the 
amount we have been in the habit of calculatiuEr. 
That is, instead of calculating the tenacity at 30,000l!)s, 
we should not calculate that tenacity at more tban 
20,000]hs. Thus, the bursting pressm-o of a tube 30 
inches diameter, made of g inch pLites, under the old 
rule would be 750fl>s to the square inch ; according to 
the new scale it would only be SOOlhs to tlie square 
inch. Tbis new rule will bo much nearer to the truth 
in practice than the former rule ; and the tube would 
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require to be of good material, and well made, to 
resist 500lba to the square inch. 

M'hatercr may bo the strength of Boiler Plates 
before tbey are worked into shape, if care and atten- 
tion are not paid to the bending, pimchinw^ drifting, 
and riveting, the best iron will become almost value- 
less. "With the best material, the strength of a 
boiler must greatly depend upon the manner in whicli 
It is made, and the care used in its construction, evea 
if its form be correct in principle. 

In connection with this branch of the subject, the 
Btrength and power of resistance of steam boilers, we 
give the following extracts from a paper read before 
the British Association, at the Jjeeda Meeting in 1858, 
and printed in the Mechanics' Magazine :— 

" At the late meeting of tlie Britiati AaeociatioD, Hr. Jq 
HorKiNsoN, author of tiio work on The TndUotor^ published b]rW« 

roEul B. paper ou Stcftm BoiLiT Expl^ioiio. The ubject uf his paper wm 
to sliew llie iie«0B4ty uf iocreasal attentio^a to the form and construction 
uf eteam butlers. After niiticing the Haystack, Waggon, CuruiHh, cuid 
Bult«rlc; Boilers, lio canie to tine Double Flue or Double Fire-Bat 
Boilor, and apoke aa follows : — 

'^ ' Tills deecriptlou of et^^fljn boiler is now nlmoet uuiveruJly odoptod, 
Rnd, ae vb have hod bitter cxpeiieiicc of ite rupcftteO failures, it It aar- 
pTuing it hofi not been condemned long before now. It is stmngo that, 
although there hare l)eeu so many cxploaiona from collapec uf Quo* at 
variooa preaBuros, both great and small, this form uf boiler «liould b« 
reliod upon for its rGsiatmg powers. I apeak witlun bounds when 1 stato 
tliut with tliia form of boiler tiicro have been more eiplosioo* than with 
the aggregate of all other foima. This La cafiily accounted for, Imcauao 
many irau^ne \i& power of rceistancg to bo almost iufiuitc. Such an 
iJoa cannot be too soon tliapellod. 

" * Tlie double fire-box, or flue boiler, ia formed of three tube* — two 
leaser and ouo liirger. Tho two loBoer are plncod witlun the hirgcr, and 
all are bound togiflther by eud flat jdntcs. The space around thcae taba 
and Iwtwcen them miil the outor shell, constitutes the watoi- epacc And 
the stonm chamber. The pressure, whatever il is, that the 8t43am 



witUui the boiler, is exerted mthia this space — that preeeuro being 
itOemcl to the large or outer ahcl], (uid external to the smaller uiiier tubes 
PT flaw. Th&t prcesiire ai&o-, whatever it may W, is exerted upon tiie 
flat enda of tlie bailer. Thia form of coustmetioti, which ia the prevnjling 
And f&Taurite form, is iii>t only nut esfe, but poaitirely and of oeceesity 
niimfe ; and it roUowa iks a mutter oT -course, tiiut, with tihe high preeeures 
1W>W worked »t, this wuit of wkfety becumea in man; came absuluto 
daogBf J vhiJe with all boiJen of thia canatruction, and &t vliiLtev^ 
preaaar« they mny be worked, if that preasuni b« appreciable, their 
giving w»y is but a questiuci of time. The great Bourco of danger Eii 
thJB form of huder ia the iimer tubo or flue, lud tha fiat entla, When 
prasaure ia exerted Tithin a tube or eylinder, with sphcneal aoda, the 
tube can only give way by the rnQtnJ being torn asiuider ; and the 
tendeucy of the straiu ie to cause the tube to jisaurae thfl true cylindrical 
figure, d spherical form — the form of greatest reaietancc. With pres- 
8«M exerted oa the outside of a tube, the tendency of that presBure ia to 
crush in the tube — to flatten it, 

" ' It IS a well-known fact, that iron of any strength, when formed 
into a tube, will bear a much greater Btrain to tear it asunder if that 
pnaanie be applied i-nt^mall^, than it will hoitr without crusliing in, 
when applied rjrtfrnailg. A bar of iron when used ua a tie-rod, will 
resist a very largo amount of tearing force ; but that eume bur pla>ced as 
% prop only under the weight erertcd in the former case, would be 
doubled up, and cruBhed out of form. The inner tube of a boiler of 
thi« construction is but a fieries of props placed to auataiu the immeuae 
iraght of tiie preestiro exerted extorually to it^ diiuueter. The cunstiuit 
and never-ceasing tendency ia foir those prnpa to gtv*; way — for tbo 
qrlindrical tube to depart from the form of greatest resistauco — to become 
flattenixl or bulged ; and its nltimato cnuhiug-in is, in the beat of cases, 
ulJy a qucetiou of time. 

" ' The doable fire-box boiler was invented in America by Oltver 
EvAWs, and was for a considerable period, and in some parta is still, 
tcnowti aa Ou^iiiR Evanb' boiler. It vob used ui America so far bacli m 
IT^S. Boiler cxpIoBiune hare beCit by no means uncommon in Ameiica, 
SB is well known ; indeed, so numerous have thoy been, and attended 
with Buch diie results, that in 1817, ascarcliiing enquiry into their oaiue, 
with ft view to their prevention, wjts instituted under the sanction of tbo 
Am e ri iam Oovemmeal, lu rcfcieneo to tbo Qte-bux boiler, the rcp«it 
praented after that investigation etntea, " Many respectable MechanicB 
and Eii^ecrs in this country considered that the improved Vioiler 
,tod by Olivsb IHvans obviated the objection to Eigh-prouure 





Ed^m. Tlie lst« molruicliolr occarroncffi on buonl tbo EUm in 
WBtera of the Ncir York harbour, U cricl«noc that thoy have l>eeii 
dflceivod." Mr, Jacob Pehkiks, in hi* reiiort on the same fonn of con- 
BtnietioD, Buys, *' Tliia form of boiler shuuld certwnly be aba.udoDe4" 
Another eiulincut Engineer, Mr, C. J. Jabvis, wrote an foIlowB : — " A 
Due of this kind may be placed in ench circunisbULiKS, th&C irhai Uie 
Btasaa and t(?inpemturc ^t unuBually high, it Buffers a mLnute ehaage rf 
funu. Under thsao cJrcuiastaucea it will laevitubly collapH Booiwrff 
kitor, according to the extent to whiidi tta form is lUtcred at each time it 
is uQuauttlly hcatod, and the froquency gf that occiurcnoc, let It U stir- 
ruundcd with as much water as it may." 

" * There is no doubt that providing the flues were strictly q'' 
their Dtreng^th would be immeasurably groat ; but such is not Uio 
Dor is it posaibld to make them strictly tiiie. The very weight of 
material itself is BuESciuut to destroy the tnie Ggora of the flae, 
providiiig it were niado of une wbulu plale without rivets or lap joini 
but in the ordinary Sue, oa used in all boileni, the figure of gTGalctt 
refiifltancc is ffonu at oncei, by the orerlappiug af the plates, b) the oaae 
of horizontal tubes, as employed in eteam boilere, the presaura is noi 
uniform ; for, while the pressure on thi) top port of a Sue, three foci 
diameter, may be SOB>s per equocc inch, the preBsnre upon the under lido 
would be l^lba more ; because ths weight of the oalumo of wat«r baa 
to be added to the preesure on the lower part of the tube. The cylindri- 
cal fi^re iu that cose is not thu tnio figure of grrateat resistance ; am) 
it is not likely that in the ordinary huaiuees of boUer mi^iug, uiach «8M 
can or will be b^towed in calculating, or afterwards in the making oF 
the tube, agreeable to the true fi^re of grenteaC resistance. We tb^^^ 
fore ueed not be surprised at the esplosiona which occur from collapad^^f 
fluee. The Tory form almoat eeema to invite the ocoarromw. It ia by • 
continued, working of Buch dcacnptiou of boiler, and the always iaorMsing 
weakness of the flue, from its Taried pressure and temperatures, mid its 
consequent change of form, that idtimately explosions occur. Ifcnce the 
reaaoit why n tube that hoa been proved to a pressure of 80ft« to lOOSs 
to the aauare inch may afterwards fail uador a preesure of lose tUaa half 
that amouuL 

" ' There are other changes in connection with this form of boiler 
which cannot eofily he prerented from taking place. Flutes have cradittl 
and given way on the xmisr side of the boiler, from the contmctiitn aud 
expaimiou caused by the (litrerenee of tempemture of the top and buttom 
Bide of the boiler, A boiler la materially hastened in ita dcstructiOQ 
the whptylng t>f it irbile hot, and then suddenly cooling it by adm. 
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Bold water, to get off the ncftlo, Doable firc-bos boilera have beeu tfae- 

on tlie iumSpt aiil«. both in the line of rivots, and oven across the 

l^htM, from thia cauk- Look again, when etarting a boiler aad getting 

ilip the steam, and n^tlc* the length of time the Water on the under aide 

,of the flu« is before it is avsa lukewarm. Here, nbu, is an imiKntsJit 

kacUon taking place in reference to tlie safet;r of tlie bnilera. 

' " * The flat enda of this fuim of boiler are also a source of veoknesa. 

The TOftton of this Fill be at once appaTcnt. Tie t«iid«nty of the fOTM 

Vtthin llie boiler Ib ta cAose the flat end to bulge outwards — to neaume, 

b Gttct, the spherical form. This brings nnufiual and iinequnj strain upon 

Ihe rirota which join the platra together. Theac at last gire wity, being 

Xitb^ torn out, or the plate itself riven asunder acroea the line of riyetfi, 

Bod then oat the ende go. lostancea of this kind can be seen in nlmoat 

every eiploaion. In Bome cases the plates have been torn asunder as 

Ihougb they were bat paper. When once any part of a boiler give» way 

the other parte b&come ssposed to unequal strain from tho Gxpanding 

eontenta, which ererciae a tearing and impelling force eqnal to timt of 

gunpowder. To counteract thla tendency of the flat end bulging out- 

Wftrde, it U usoal to stuy them. 8tays^ at bcBt, are but iuferior aubsti- 

tatea for the form of greatest reaistaocc. Sta,y_B woidd be of no servioe 

applied in a sphere Bubjocted to intemid pressure ; the power of rcsUtancc 

Vould be exactly that O'f the metal to auatoin the strain, exerted upon all 

parta alike. Stays would be of no advantage unless thoy could be applied 

iw> BB to stiongtbon that metal In all ita parta ; and this, as will be Been 

at once, could only be accompliehed by using m^itat of greater tluckxesa 

t cr stiength for the original confitnictioa. Boiler sbiya, therefore, ore at 

Bit tjmea but an insecure substitute for real etrength of conatruction. 

And the manner in which they are almost in^-ariahly applied, rendeia 

I them BtiU more insecure, and at times positively dangerous, because thejr 

liDcite to the idea of security where it is in reality absent. To counteract 

l^e teodaney of fiat ends bulging outwards, or being blown off by the 

internal presaure, it will be at once apparent that, if wo desired to Hociu'a 

the utmost bcoeBt the Btay-rod is capable of reodering, we BhoulJ let it 

proceed through the end uf the boiler iu a direct line with ita own length, 

and then, by means of wasfaera, screws, and nuts, sccurie it in that placb 

. The strain would then be direct to its own length, and its power of resis- 

I tnnce wonld be equal to tho weight applied perpendicukrly, which the 

rod would sustain without breaking asunder, But stays ore Bcldom thus 

, applied. loatead of proceeding through the boiler CJids, the stay-rodB 

Bie bent at right angles, and riveted to the boiler through tho bont partsi 

' The stmn, aa will at once be teen, is mnmly on the bont portions — to 
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Btrn.ig)itfin ttiein out— inatcod <y{ tlic piUl being ia a ilireot Une totia 
Btoy-rod, a& ttohIJ be the auw if appliwl w beTope described. When wa 
apply tie-rodA to a. floor or a rmif, or to n hfttin of any kind, ve da not 
cop; the mocle of application adoptod with »tfiani boiler tie-rod& y/a 
apply tlietn so as tn receive the full power of KBistaiicc against stmiii or 
weight ; ailJ vc ought &1bo to do so in tiie cnse of st«at» boilcT^ The 
piinciplo of application appertaining to tbo suaset-stay ia precise]; that 
juat doBcribotl. It is formed of angle iron, and a gaasBt of Boiler Pista 
Tba Btnun in tho case of tho g;iss[^sta; ib on tbe angles of tbe an^ls 
iron, nod the nveta hy which tLcse me attached to tho ends and Bide of 
tho boiler. The puwer «f reebtancf ie junt what tbcse aaglc ironB nod 
riveta vill bear without brealoDg, sCnugbtcning, or tearing out, Itil 
not by any means the sxtiomit which the same Hiatal diiforeutly appUad 
would give. ' " 



TABLE. 
STRENGTH 0? WROrOHT.IRON BARS, 

Sr HESSBS. BOBERT NAPIER A»D 30K8. 



IBON BASS, 



Torkehire : atrongeat 
„ weakest . . . 

„ (forged) 

St^flonisUire ; strongest 
„ woakost 

West of Scotland ; strongest 
„ weakest 

BweJen : fitrongcet 

„ weakest ... 

Kuasia : atrongeat . . 
,L weakest ... 



IBON FLATBS. 



Yorkahi™ 



atrongrat lengthwise 
weakest lengthwise 
Btrongeet croasHriae 
weakcat croaawiag 



Tceidl J ta 
pet iq. Inuh. 

.. 62SH 

6007J 
.. 6688i 

6232 
., 66715 

6479*. 
... 566/ 

4832 
.. 171 

S6G 
.. 49564 



5C 
53 

50515 



JVi>(( — The atrongeat [engthwiae is the wcakrat crosswise, and vice wrrta. 
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ntXL BAB& 
StacS for toob, rivete, Ac. ; strongeat 



Bbwtl for cUuir pnrpoHB : Btms^est 
weakeat 



WXi&L fLAXEB. 



StruDgot lengthwise 
WsEikest lengthwiae 
Btroage rt croHwise 
W««k€»t oroaswiBe 



Tcudtr in Dm 
ptr «q. IniA. 

. 13290d 

. 92015 

71486 



S42S9 
75594 
06308 



iVofe — The atroDgcst and weakeat lengthwise &re aba reepectively tbo 
•tmigtct ukd weakat croaawia^ 

The utility of testing' bars, beams, and boilers to 
an extreme, or considerably more than the weight or 
strain required in actual use, is questioned by many ; 
and eo far as practice has taught us, it is better not to 
test either beams, barsj or boilers to more than the 
ordinary strain required, "We may, by an extreme 
teat, prove that the article tested withstood such and 
such a strain ; but at the same time we do not 
know bow such test may have injured the substance 
tested. For instance, take the testing of a east-iron 
beam at Messrs. MiLnuiiNs' Iron Poundry, Staley- 
bridge. The beam was 27 feet long. A weight of 
24 tons was hung on the centre, with which the beam 
deflected Ig inches. When the weight was removed 
the beam assumed its former form, and the parties 
present considered that the test had not injured tho 
beam, inasmuch as the beam had returned to Its 
original position. The same beam was shortly after- 
wards tested with 1© tons hung on the centre, when 
it broke^ though there were eight tons less than it had 
withstood before. 
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Take another instance — that of the testing of a 
steam boiler at ITessrs. Hargrbaves, at Aecrington. 
TliQ boiler was under the inspection of the Manchester 
Boiler Association. The boiler referred to was recom- 
mended to be tested, and the hydraulic test was resorted 
to. The extreme working -pressure of the boiler was 
a little under 401bs to the s<|uare inch, and the test 
the boiler was submitted to was 70tbs to the square 
inch. To all appearances, under the test the boiler 
was safe at that pressure. In about three montlu 
after this testing, the boUer exploded ; and, from our 
own investigation, wo were convinced that the test to 
which the boUer had been subjected, injured the struc- 
ture ; and from that time till the whole ^ave way, the 
boiler had been gradually getting weaker. The flues 
bad been strained by the test — the pressure being on 
the outside of the diameter. When once the form of 
a flue in a boiler begins to change, that change goes 
on in an accelerated ratio, until the flue becomes too 
weak to resist the ordinary working-pressure. 

There can be no doubt that the testing of any 
structure or machine to the full strain the apparatus 
may be expected to resist, is highly necessary; 
beyond ihatf there is more risk of injury to th~ 
apparatus tested, than any chance of good resultii 
from an extreme test. 

The word " test " carries with it to the theorist 
the casual observer an idea of security ; because such 
*' test " affords proof that the machine, or structure, 
has withstood a certain force. This may be quite 
true ; but it does not follow that the same machine or 
structure will resist the same amount of force again, 
or anything spproximating to it. 
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KIJLE FOR CALCULATIIva THE STRENGTH OF CYLINDEKS, 
OR BOILERS, AS GENERALLY APPLIED.* 



The tenacity of the metal of wMch a boiler is con- 
structed, is about 60,0O0H)9, or six-sevenths that of 
good wrought iron — a bar one inch square being the 
standard. 

As, however, the cjlinder which constitutes the 
boiler is not whole, or in one piece welded together, 
bat is composed ofa number of plates riveted together 
— ^the plates also being: cut away for the holes — it will 
be necessary to diminish the number which expresses 
the tenacity. Let, therefore, the tenacity be put at 
SO.OOOIbs in place of 60,000fbs. 

Multiply the numerator of the thickness by the 
tenacity of the metal ; and multiply the denominator 
by half the diameter of the cylinder in inches, then 
divide the numerator by the denominator, and the 
quotient will give the strength of the cylinder, or 
bursting-pressure. 

EXAUPLE I. 

Take a cylinder 30 inches diameter made of ? plate: 
thus— 

3 30,000 00,000 

- ' ^ then 90,000 -=■ 

S 1J3 120 

130 = 750Qn the buTBtiue-preBatu-e, 

EXAMPLE ir„ 

A Cylinder of six feet diameter, made of ^-inch 
plate : thus — 

6 feet = 72 laches 
I 30,000 30,000 

- » ' = then 30,000 -r 

8 36 72 

72 = 416 H-tba burBting-preteure, 

■ Tliw rnle it Iha one gca»iul]7 acted apcn, and i* no doubt preliy nrarlj cairect, 
vtIkO (iMineki! u vltheut Aaira, wid iha worluiiaiuhif ivithaut defects. Bnt &>(]ieH 
cannot alwafi be rclinl upon, the ntlo tnd tbc deductiun Jtoniit will be fautiil to bo 
Cu Im high fnr ardimuily miide boilers. 



THE SAFETY VALVE. 



Tre form and construction of this indispensable 
adjunct to tlie steam boiler ore of the highest impor- 
tance, not only for the preservation of life and pro- 
perty, which would, in the absence of that means of 
''safety," bo constantly jeopardised, but also to secure 
the durahilLty of the steam boiler itself. And yet, 
from the manner in which many Safety Valves hare 
been constructed of late years, it would appear that 
the true principle by which eafeiy is sought to bo 
secured by tliis most valuable adjunct, is either not 
well understood, or that it is disregarded by many 
Engineers and boiler-makers. Many of those imfor- 
tunate calamities — boiler explosions — have occurred 
when, to all appearance, the Safety Valves attached 
have been in good working- order : and Juries under 
the presidency of Coroners, have not unfrequently 
been puzzled, and sometimes guided to erroneous vi 
diets, by scientific evidence adduced before t: 
tending to shew that nothing was wrong with t! 
Safety Valves ; and that the devastating catastrophes 
could not have resulted from over -pressure, because 
in such case the Safety Valves would have prevented 
them. 

If the inventor of that most useful and sciont: 
apparatus, the Safety ValvCj could but witness some 
of the forms given to the instrument, and some of the 
modes of construction adopted, he would indeed 
marvel to see the degeneracy which, in this day of 
general improvement, is but too often apparent in 




manufaciuro and constructioa of this essential aad 
indispensable adjunct. 

The portions numbered 1 and 2 on figure 91, repre- 
sent variations of the Common, or Mushroom, VaJ.Te. 
This ia usually constructed with a ^de-pin, to pass 
through a hole or socket provided in the cross-bar 
inserted in the seating of the ValTe — such guido-pin 
and steadying-socket being underneath tho Valve, 
and consequently tcitkin the boiler, constantly 
and fully exposed to the action of the steam, the 
Tarying temperatures, and to the accumulations of 
dirt and other extraneous matters. Prom tliis form 
of construction alone, numerous boiler explosions hare 
occurred — from (ho stem, or guide-rod, of the Valve 
having either got bent or otherwise damaged ; from 
its having become corroded in the steadying-socket of 
the cross-bar, or firom its becoming fast in its place, 
when closed, from many other and obvious causes. 
It is clear that when the Hufihroom Valvo is in any 
one of these states, it is impossible for it to act, and 
the boiler is, to all intents and purposes, as if nothing 
in the shape of a Safety Valve had been provided* 

Another objection to this form of Safety Valve is* 
that the weight to keep down the Valve till the limit 
of safety is approached, is applied in the worst form 
possible to ensure accuracy in the indications of the 
Valve, or to allow of the free working of that Valve 
when over-pressure requires it to open. In Valves of 
this construction, there is generally provided on the 
lever a swell, or projection, rounded down at the end 
to a dull point ; and this dull point rests in a email 
counter-sunk hole in the outer tip, or central projec- 
tion of the Valve (as La the portion numbered 2 of 
figure 91) ; or the point on the tip of the Valve rests 
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in the counter-sunk hole in tlie projecting portion of 
the lever (as the portion of figure 91 numbered 1). 
Whon the weight is hung on the other end of the 
lever, or at such place upon it as has been arranged 
for, the swell, or projection, on the lever bears upon 
the tip of tho Valve, and keeps thst Valve down on 
its seat untU it is raised therefrom by over-pressure of 
Gteam within the boiler. But it is a question arising 
from this mode of applying the weight, whether the 
Valve can act at the time and in the manner designed. 
In the first plaee, the joint at the end of the lerer, 
where it is attached, must necessarily have some ploy 
given it. Oftentimes greatly too much ia given j or 
rather, no care to have exactness of fitting is eser- 
cised. This play, from the action of the lever, by 
wear and tear, becomes greater and greater ; and 
every departure from exactness, either in the original 
manufacture, or from subsequent wear, takes the 
weight from the centre of the Valve, and brings it 
more upon one or other of its sides than the rest, 
These deviations from exactness may be small, almost 
infinitesimal, in tbemBclves ; but muHiplicd as they 
are in fact, in the ratio of the length of the lever from 
its attachment to the point of bearing on the Valve, 
they become anything but inappreciable, or non- 
detrimental to the free action of the Valve. When 
the Valve is thus weighted out of its centre, two 
separate but injurious actions take place : first, when 
over-pressure occurs, instead of the Valve being lifted 
bodily from its seat, it becomes tilted, and the steam 
escapes at one side only : and, second, in consequence 
of this tilting, the guide-rod often becomes bound fast 
in the guiding -socket of the cross-bar ; and the Valve 
is thus prevented from acting, except in a very He 
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degree— not nearly sufficient in cases of over- pressure. 
The worst is, that under tbfl circumstances supposed, 
the higher the pressure — that is, the greater the dan- 
ger from which the Valve is required to reUeve^the 
less capable does it become of acting in the manner 
for which it was calculated and designed : for the 
greater the force brought to bear upon the tilted por- 
tion of the Valve — (and be it remembered that this 
tilting exposes more of tho surface of the Valve-face 
on the tilted side than on the side which still remains 
covered by the scaling) — the more firmly does the 
Valve become bound in tho guiding-socket. From 
these and other causes of a similar nature, Safety 
Valves of this construction cannot be mad© to work 
accurately — and they are totally inapplicable for high 
pressureSj if " safety" is to be a consideration. The 
indications, however carefully the Valves may have 
been weighted, are often most inaccurate. The author 
has known Valves of this description to be kept as 
perfectly down to their seatings as they are capable of 
being kept — that ia, without any escape of steam from 
over-pressure — when the pressure in the boiler, as 
measured by a more accurate test, has been 12fts 
more than the Valve was calculated and weighted to 
blow off at. With a Valve of this description, any 
one, by moving the lever to and fro, may cause the 
steam to escape at either of its sides. To counteract 
this tendency to tilt, other guides have at times been 
applied ; but it has been found in practice, that this 
attempt to remedy one evil has only been to create 
others, which equally tended, and in like mannot} to 
prevent the proper and safe working of the Valve. 

The main portion of iigure 91 is a representation 
of a Bafety Valre which has been designed and 
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introdaccd to prove that a Valve of the ordinary kind, 
may be made to act well, generally speaking — to blow 
off from over-pressure, with far greater accuracy than 
cither of the constructions before considered, and also 
with a uniform discharge of steam from all sides of 
tho Valve orifice, when open. The Valve 13 of the 
spherical form on its under side ; and it is placed 
within outward guides afExcd to tho seating. The 
weight is brought upon the Valve from a low-fixed 
centre — the centre-pin being jointed to the lever, or 
fijced thereon by other means, so that there be the 
requisite play for the pin always to bear on the centre 
of tho Spherical Valve. The small weight on tho 
short, or fastening, end of the lever, is merely for tho 
purpose of balancing the long end of the lever, so that 
when the ball-weight for weighting the Valve is off, 
the Valve is entirely free from outward pressure. 
■Wbore this portion of tho arrangement is dispensed 
with, the weight of the lever as it bears on the Valve 
baa to be token into account, when calculating the 
weight to be used for weighting the Valve, and also 
the several distances on the lever at which that weight 
will have to be placed for the various pressures 
required. 

In all coses it is advisable to have the face of the 
seating of tho Safety Valve as narrow as the varying 
modes of construction will allow. The Spherical-faeed 
Valve is best adapted for this and other beneficial pur- 
poses ; for it is found in practice that tho sharp edge 
of the seating, taken off only by grinding it and tho 
Spherical Valve to a face, results in the greatest 
accuracy that can be obtained, while this form and 
modo of construction also ensures the best^fttting 
Valve for " bottling up" the steam when it is not 
required to escape. 
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The Valve shewn by figure 91 is not adduced and 
recommended as one perfect in every particular — ^bat 
it is believed to be as ^ood a Valve as can be made 
simply as a Lever Valve— securing the greatest 
accuracy of which this form of construction is capable, 
and providing for the discharge of steam better than 
any other mere Lever Valve yet introduced. 

In connection with this subject of Safety Val 
the author would not be doing his duty to those 
whom his work is intended, were he, from any ft 
of mock-m,odosty, to refrain from describing the 
Btruction and the advantages of what is now vi 
well known as " Hopkiuson's (Patent) CoMPorsu 
Safety Valve" — as that Valve possesses important 
features not to be found in connection with any other 
Valve ; and as it provides against that prolific source 
of boiler explosions resulting from deficiency of 
water, as well ns for the copious discharge of steam 
over-pressure, under the ordinary conditions of wo; 
ing. When the facts are stated, that this Compoun 
Valve has been applied to upwards of three thousand 
boilers — and that in no single instance has a boiler 
with this Valve attached, exploded or suffered injury, 
either from over-pressure or deficiency of water- 
while most numerous arc the instances where boilers 
have been saved by the simple but certain action of 
the instrument, under circumstances which, with the 
ordinary Valve, would inevitably have resulted in 
explosion, the author feels that he may fairly claim to 
be exempt from the charge of " puffing his own 
wares" in giving the following description of a cx>n- 
struction which has already eflfectod much good, and 
which, as experience warrants him in saying, is the 
most effective Safety Valve ever yet introduced 
Steam Ecgineerlng. 
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description of the Compound Valve which 

formed part of the paper read before the 

Association, at the Leeds Meeting in 1858, 

rhich extracts have already been given on pages 

B52 ; the paper, as a whole, appeared m the 

lies* Magazine^ in its report of the proceedings 

: Association on the occasion named : — 



i (Pttt^nt) CuiupoutLd Sofety Yalve comprises two diatmct Talvea; 
^cb diameter valve, with flat face, and a spherical or ball- 
I jnchea diameter. The smaller, or baU-Talve aeola apon aa 
centre of tie larger Valv^. The larger valve is tietgbted 
of a lever and ball, as in tllie common Safety Ynjva There is 
or rover casting, which fits to the lai;ge valve, and fanna 
I for the centre-pia to give pressure upon the valve enclooed 
I using. Besting upon the l|[>!ed-c?titr« of (he lar^ nlre is 
Ive. ThiB last is weightf?d by a dead weight iuBiifi; the boiler 
wei^t being composed of iron-plate coatings, When the 
the presoure this ball-vaJre is weighted to, the valve lifts, 
I at«am «cftpc8 thrcingh the openings in the bridge casting into 
or Bhell-casiiig, and out into the atmosphere. As eoun as the 
re lifts from iu seat, the large flat-valve also lifts from \t» seat : 
9ut/f meane oj duJuirgt ia given to the cxc«es of Dteaai. Thia 
is of impartance, inasmuch aa the whi>I« construction fornix a 
BCeaing an opening, or diBcharging area, ei^aal to an ordinary 
Ttlvn 8^ inches diameter. 
Cnmpoiuxl Valve cannot be weighted beyond it« warldag-pres- 
Vhilst the boiler ia at work. Should an attempt be made to over- 
^ th« outside lever, or even should a man press upon it with all bia 
■t would be nselcea : so long^ aa the ball-valre is there, properly 
mcd inside the lioiler, all is right, Shoolil tbc btUl-valve b(^ ovcr- 
i:il int^ntUmallf, whilst tlii> boili^r ia ^"■■f^ for ckaning, it may 
■ be detected on getting-up the atram. __ 

to tlio next fcatntt?, we cuw' ■ - - — ■ .imr^cment 

■nf WttUir. There is 11 Ipvi The 

ih bcftre the il : nuigh a 

Dip iu t-hifi '"i"iv .rrsinged 

alfow Uk . • 'lie Tnd 

rer, or beiua, " ^tlp^i ^d 
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at the opposite eD<l there ia a bulanoe veigbt, to oountcract the buo 
of tlie float when immerse^l in the vater. Tlie stumer weight ia Eilio to 
koep tho tip of the Isvor np agaiaat the uoderaide of the top of the hoJer. 
The Sunt an tlif otht>r end, ar loBg arm ef the kver, is inuoetsed io tha 
vintOT ti> Buch s dopth as is fixed for extreme "low-water mark." Shuuild 
t^Q water begin to leave the float, the specific granty of tlio float will 
be brought upon tLo long end cf the Itiver. This krtr, it wOl bo noun- 
bered, is huitg to the boiSer, and worlis on a centre. By the depreasioB 
of the liiug end, the Sugs of the short etid nre brought iota contact with 
the ooUor on the rod attached to the central, oi ephencal-ralve, and thit 
voire te tbereby ruised from ita seat. Shuuhl the water atili get luwa, 
the vjilve oootiiiuefl to rise, and will continue niiaed until the wot«r bt 
ogoiu at it proper height. Should the GiBt warning be dLBregarded, the 
BteniQ wiU be diBchiirged fram the bailer, stopping all wi>rlLiDg, nod 
rendering explosion iiupossiblc. Timely notice ia given of :Buch fint 
defisicnc-j' by tho continual quivering of the valvo on its seat ; and if 
this be not attended to, the viilve will open to the full extent. 

" The advantages of the Oompound Valve are as follow : — Its com- 
binntion of part« are eucb AA to f>^i for cXCesaiVe pre^i:ati and deficiency 
of water; its general nicuhimical and practical arrangement — the Talvs 
possessing neithoi spindles, gui<I^ nibbing surfaces, nor parte liable to 
adhere ; it ia simple in canBtmction and ccrtaiiL in action ; while it can 
be Used as an; other Valve for general worldnjr- It picveots the car«les^ 
tho ignorant, or the wanton from canaing either inJHty to the boiler, or 
boiler explosions ; it ia not liable to demngcmeat, and is in ever; detul 
what a Safety Valve ought to be." 

To this the author has only to add that he believes 
the Compound Valve, constructed as above described, 
has not hitherto been exceeded for accuracy, if indeed 
it has been reached. It is so sensitive in action that 
when the steam is of that pressure as to just affect the 
Valye on its scat, should the Engine be then started, 
the revolutions of the Engine may be observed 
and counted by merely noticing the pulsations 
of the ValTc — aa it will rise and fall according to 
the minute variations of pressure occasioned by the 
withdrawals and stoppages of steam from the boiler 
to impel the piston. 
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to ASCKBT^ni AT WBAT PBXBSITKB A BATSTY VjLLTK 

Is WSaEITED, 

First, ascertain the length in inches of the fulcrum, 
and the length in inches of the lever, from its attach- 
ment to the place where tho weight is hung. Then 
ascertain the weight, in pounds, of the ball-weight. 

BTTLB. 

Multiply the length of lever by the weight of the 
ball-weight. Then multiply the area of the Valve* by 
the distance of the fulcrum from the attached end of 
the lever. Then take the product of the former, and 
divide by the latter. The quotient is the pressure for 
which the Valve is weighted, in pounds per square 
Inch, 

EXAMPLE. 

13 lbs Wdijcht of hail 10 incbea, ArcA of Vijve. 

50 inches, leb^rtb uf lever. 3. „ leti^L uf rulcruni. 
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30 
30 ) 2 1 00 ( 701ba per aqiiare incb. 
210- 



illuBtrntioQ is from the Yalre BLevu by Sgiiro 91, which Lob the 
oSve mc9surementB and weights figured thenujn. 

iThe introduction of the above simple method of 
Iculation is not for the purpose of superseding any 
idier method, or those usually adopted by the 
mathematician, or by the skilled and practical 
Engineer. It is intended for those who have not 
any other means of arriving at the required result. 

* Tb« artm of nny Volte tnn; l« ftmad on Khnutir to ibe "Tnblv fgr Softly 
ValvM, Cjlinden. Air Piimp*. Ac," in ibo Appnndli. 




FINAL HINTS 

BEGARDING THE INDICATING OF 

STEAM ENGINES. 



The reader who has thoughtfully perused the foi 
going pages, and attentively practised the simple 
plainly-expressed iustructions therein contained, 
have become thoroughly acquainted with the princi] 
of the Steam Engine Indicator^ and the seyeral mod* 
of applying it to practical use. It only, therefore, 
now remains for us, in concluding the work, to give 
a final hint on one or two points affecting the indica- 
tions taken by the instrument, to prevent par 
using it from arriving at erroneous conclusions. 
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First, then, in indicating for the purpose of 
taining the available power of an Engine — that por- 
tion of the whole power exerted which is applicable to 
the turning of machinery, or for any other work the 
Engine is set to perform — it is indispensable that the 
amount, or portion, of that total power exerted by 
the steam which is expended in overcoming the 
inertia and friction of the Engine and shafting, 
should be ascertained. This is accomplished by taking 
a diagram while the Engine and shafting alotte are 
rvmning; and then, by ascertaining the average pre§- 
Buro per square inch of the steam upon the piston, 
the amount of power required to run the Engine aiid_ 
shafting ia obtained. 

Second — take another diagram when the Engine is 
fully loaded : that is, when it is performing the tfAole 
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of the work it is expected or set to perform. Of course, 
it will "be apparent that this second diagram should 
be taken with the steam at the same pressure in the 
boiler it was at when the first, or friction, diagram, 
was taken. This second diagram, when calculated in 
the usual manner, will give the total amount of power 
the steam is exerting. Deduct from that total amount 
the portion shewn by the first diag^ram to be expended 
iu overcoming the inertia and friction of the Engine 
&nd shafting, and the remainder is the amount of 
AVAUABLE POWER Obtained from the Engine. By 
ascertaining the amount of fuel consumed per hour, 
and apportioning tiiis to the available power exerted 
per hour, the amount of profitable, or productive, 
dtfUif performed, in contrast with the expenditure of 
fticl, will be ascertained. 

The foregoing is the only reliable mode by which 
the AVAILABLE powEu exorted by any Engine can be 
ascertained with any degree of accuracy. It will not 
answer to take alone the total amount of power 
exerted. To OTercome the inertia and friction of the 
Engine and shafting, requires considerably more 
power in some cases than others. Indeed, the varia- 
tions on this point are constant and often great. The 
power required to run the En^ne and shafting must, 
therefore, in all cases be deducted from the amount of 
total power exerted, or the conclusion as to the 
AVAILABLE PO^rER of the Engine will be erroneous. 

Eor instance, we know of a case where a 60-hor8e 
Engine was compounded, by the addition of two high- 
pressure cylinders. The result was, that when the 
Engine was indicated with the full load on, the 
indications shewed a great increase in the indicated 
horse-power — auu this, a,lthough the work the Engine 
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waa performm^ was precisely the same as before tl 
EngiBe was compounded. To shew that a saving 
fuel had resulted from that compoundiag, the 
expended was apportioned to the total powsr exer1 
by the Engine both before and after the compoundi] 
That is to say, the calculation was made from the 
dia^ams which included the power required in each 
case to drive the Engine and shafting. The result of 
this most incorrect mode of calculation was to shew 
that the Compounded Engine consumed a less amount 
of fuel per horse power, than the same Engine did 
before compounding was resorted to : whereas, had 
the calculation been — as it ought to h&ve been — upon 
the AVAILABLE POWER Only of the Engine in its two 
states, the reverse would have been shewn : for the 
great amount of additional friction and condensation 
consequent on the employment of two extra cylinders 
would have been found to have absorbed all the 
advantage, and probably more than was obtained 
from an increase of steam-pressure in the boiler. 
There are other modes of compounding, as the reader 
will be aware : but (be cnlice of any and every mode 
can be tested in the manner just explained. It can- 
not, however, be too strongly inculcated, that the 
only correct or reliable iesi is that wbich applies only 
to the AVAI1ABI.E POWER both before and after coa^J 
pounding, ^B 

In all cases when diagrams for the purposes sj>eci- 
fied above are taken, — and, indeed, for all purposes of 
contrast, or relative calculation, — the Engine should 
nm each time at the same speed. If this be not 
observed, the result cannot be correct. Variations of 
speed absorb more or less of the total power exerted, 
in proportion to the amount of the variation : 
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jtain indications wbich will ftccarately 
sact quantity either of the total power 
AVAILABLE portion of that power> it ia 
hat the Engine run at the same speed 
■ent indications are taken. 
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COHTAJNIKO 

TABLES AND OTHBB INFORMATION CALCULATED 

TO BE OF SERVICE TO 

ENGINEERS AND OTHERS ENTRUSTED WITH THE 

MANAGEMENT OP THE STEAM ENGINE 
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A TABLE: 

SHJEWI^a THS QUANTTTT OF FC£L C0S8UXED IK PftOTOBIIOH TO 

TBI PSmaUBE OT 3TEAH, TO PSODUCE E4DAL POWEK 

WHEN WORKED KXPAK81V ELY. 
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Thttre la no practical advantage in cutting off tbe steam at nnore than 
Jth to ^Ib tli« length of the itroke ; but tlwre U gnio by tin increaae of 
preeaiiro in the builer, proridctt the pipea and other hcfiicrl exposed 
surfaces he well protected from the action i»f the attiKwphere by a iioB- 
con«lucttiig BubHtance. If moro than ^th bo renuir«l, it will be best 
uttaiaed by using u muall Ligb-preBHare and a Iiitge low-preaaure cylinder, 
working them compound. The difference in the ar^Hs of the cylindera 
must be the aaino numbers as tke amount of eifpmisions required. 

Where espafiBifm is cajried out with high-pre*6ure »te^n, the cylinder 
ohould be well covered, or caeed, and heated to a high tompcrature, that 
the ateam may not be robbed of ita heat and power by thfl great con- 
ducting property of cast-iron. 




A TABLE: 

SeEinKG, according to the pressure used, the average 
pressure of steam upon the piston, cut off at any por- 
tion of the stroke, beginning at lOlbs, and advancing 
in 51bs up to 150B}s per square inch ; enabling the 
Engineer to determine at any given pressure the 
amount of expansion requisite for the full power to be 
obtained, and the saving thereby to he effected. In 
nil cases the pressure of the atmosphere must be 
added to the pressure of the steam above atmosphere, 
when reference is made to the table for the average 
throughout the stroke. 

Sample: ISfts presaxu-e on the piston above atmo- 
sphere, cut off at one-fourth the piston's traverse, will 
be thus : 15!bs steam and 151bs the pressure of the 
atmosphere=30 : then look for SOlbs at the head of 
the table, and down the first column for ^ ; trace that 
J under 30, and you will find the average to be 17flba 
throughout the stroke. For other proportions, follow 
the same principle — that is, supposing the vacuixm to 
be 15&S. If there be not 15fts of a vacuum, the 
amount of pressure below must be deducted from t he ^ 
average. fli 

If a Non-condensing Engine, where the steam ^ff 
expanded into the atmosphere, the ease will be 
different : because the steam cannot expand below 
ISA'S to the square inch, — that being the pressure of 
the atmosphere. 

JBxample : 45fl)s steam above atmosphere upon the 
piston of a High-pressure Engine, cut off at one- 
fourth the length of the stroke. The average pressure 
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throughout will be — allowing lib for friction and 
back-pressure to force out the steam in the cylindeiv-' 
I9|fts. Thus : 451bs steam cut off at one-fourth the 
stroke, with 15Ibs added, make 60tbs. Look for 60 
on the top line of the table, and } on the side. Trace 
that J to the fibres under 60, and the average will 
be found to bo 35*11)3. Take 16Ibs irom SSflba, for 
atmospheric pressure and friction, and there remains 
19ffb8 — the available average pressure on the piston. 

Example : 30lbs cut off at one-third. Add 15=45, 
The average in tho tabic will be 31| ; deduct 161bs, 
aad there remain IS^tbs, the availahle average pres- 
sure upon the piston. 

Anot}i€r Example : 15tbs cut off at half-stroke. 
Add 16=30. The average in the table will be 26^. 
Deduct IGtbs and 9J rematas, the average available 
pressure. 

In these examples tho steam in the cylinder has 
expanded to atmospheric pressure. 

In proportion to the pressure of the steam, the cut- 
oif will have to be varied, as shewn by the examples, 
if the steam is to be expanded to its full limit in the 
cylinder of a Non-condensing Engine ; that is, down 
to 15£bs, or equal to the pressure of the atmosphere. 

All steam above atmosphere at the termination of 
the stroke will be lost. Thus ; if 4511is steam above 
atmosphere be used, and espauded in the cylinder to 
lOlhs above atmosphere, then exhausted, lOlbs out of 
the 468>s will have been lost. 
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IX, 

4.— TROY WEIGHT. 

31 gnina 1 pennyweigliL 

480 80 1 ounce. 

5760 340 13 1 pound. 

By thu weight are wdghed gold, sUvor, jcwols, electuaries, and all 
liquon. 

Hie Btandud for gold coin is 22 carats of fine gold and 2 camts of 
ecpper melted together. For silrcr, 11 os. 2 dwta. of fine silver, and 18 
dwti. of copper. 

lOODs 1 cwt 20 cvL 1 ton of gold or silver. 

To reduce pouoda troy into avoirdupois, multiply b; 144, and divide 
bj 175, the quotient will be the number of poumls avulnlupois. 

5.— AVOIRDUPOIS WEIGHT. 

16 drams 1 ounce. 

256 16 1 pound. 

3584 324 14 1 stone. 

7168 448 28 2 1 quarter. 

38673 1792 112 8 4 1 cwt. 

573440 35840 2240 160 80 20 ... 1 ton. 

A keel of coal at Newcastle is 21 tons 4 cwt, and a chaldron is 53 
cwt A chaldron of coal in Loudon is 3SJ cwL 



i 42C cubic inches of cost iron ... 


cwt. 


8520 


or nearly 5 cubic feet . . . 
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6.— MEASURE OF SURFACES. 




cs 1 square 


foot. 





144 laches 

1896 9 ..'.... 1 square yard. 

39304 373J 30i 1 square pole. 

1568160 10890 1210 40 1 rood. 

6373640 43560 4840 160 4 1 acre. 

By this measure aro measured all things that have length and 
breadth, such as land, painting, plastering, flooring, thatching, plumbing, 
glating, &G. 
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Waifbt of OMt-lm Pipe* 1 fmt b I^i^clh, ftm | indb to ti i 
TUekfUd (Irom A to S4 in^oi DiuMMt 



i! 


THicxmoB or tscaaa. 1 


1 1 1 1 H 1 1 i 1 n 1 li ' 11 1 


Bm 


Bn 


1 ib« 1 K« ; Sit 1 it» 


Bm 1 lb) 1 As 


3 


8J: 12}| nil 22i 27i 




I 


1 


3J 


9i u{ H'i 


a-ii 3li 




1 


1 


4 


10 1 Ifij, 22 


2»i 35 




I 




H\ JiJ 


18 


24i 


31} 3SJ 








5 1 i:^ 


193 


27 


34j 42i 


501 


53 j 




an 15 


31} 


29| 


37 i, 46 


54J 


(i3J 






6 1 


23j 
25] 


33 


40iJ 4Sj 


59 


68|^ 


7S} 


«ti| 


m 


34i 
36j 


43Jt 53 i 


G3j 


73i 


«+i 95 


7 




27* 


4t;j| 563 


C7| 


7«j 


»y^ioi{ 


rt 




29 


.39 


00 


(jOJ 


72 


934 


S5i:n}rij 
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SOj 


4lf 


53 


644 


7q 


100^.1134 


8 




33 


44J 


56i 


8S4 


fioj 


lOflJIlSO 




34J 


46} 


59 


71* 


84}| 


ys\ 


mi 


120{ 


H 




36 i 


43 


62 


75} 


80 


103 


IKi 


J 32 


10 




38J 


611 


65i 


79i 




106 
119J 


I22J|13S 


lOJ 






Si 


6ei 


823 


I28,i'l4+^ 


11 1" 




JG| 


71* 


SCj 


IITJ 


134 
I3!tl 


15C1 


'Wi 




.•SO 


70i 


90 


106i 


1^23 
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61i 


77J 


93i 


uoj 


127} 


115 


1634 


13 








82} 


lOU 


I18:i 


137^ 


154 


173} 


U 








891 
95} 


I08i 

115j 


120} 


146j 


IG-lj 


1851 


16 








135j 


156i 


176^ 


lUlJ 
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IT 

la 










1231 


U3 


U>(3 


187i 


211} 








130.1 


I.i2^ 


I78i 


l9S}i 


2234 










137 


Kill 


ltS5i 


2oy 


235i 


l» 












169^ 


l»5j 


222i 


247 


SO 

SI 








1 78 205 j 


233} 25S 








214 


2434 273} 
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2232 


i54j2d5} 
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233i| 


S65j 298} 


U\ \ 1 








245il 


277}310? 



XV. 

WEIGHT OF MATERIALS. 





Wcbht of 

■ cubic fool 

In IbL 


WclRhl of 

■ cithtc inch 

in uu. 


No. of 

cubic inchn 

In* lb. 


WciKfal or 1 
s cubic iiicb i 
iu Hm. 


Mercury 


848 


7-851 


2037 


■4908 1 


Lead 


709 


6-456 


2437 


■4103 




477 


4140 


3-623 


•270 




4544 


4-203 


3-tJ02 


■263 


Sheet Copper . . . 


557i 


5159 


3-103 


■3225 


Cast Copper . . . 


5iH 


5086 


3-146 


■3178 


Cast Brass 


524 i 


4-852 


3-223 


■3037 


Brick 


125 


1-456 


13-824 


■0723 




151 


1-396 


11-443 


-0873 


Water 


624 




27i 





Thirty-sis feet of common water make 1 ton. 35 feet of sea water 
make 1 ton. 

One cobic foot of water= 6^ imperial gallons, or 62)Bm. 1 cylindri- 
cal footed galloQB, or 490)8. 

11'2 imperial gallons = 1 cwt. 224 imperial galloDs = 1 ton, 
1 gallon of fresh water = lOlbs. 1 gallon of sea water = 10'25Sfl. 

At a temperature of 62° Fahrenheit, between 62^ and 42°, water 
attains its greatest density ; and the pressure is as the perpcndicalar 
height, indepeadent of quantity. 

Water is not compressible. It prcssea in every direction, and finds-n 
level ; thus a small quantity will baUuce and support a great quantity, 
whatever the difference in dimension. 

The centre of the pressure of a column of water ia two-thirds of its 
depth from the surface. 

Ten pounds of distilled or rain water equals tlie standard gallon, at 62°. 

2-004 inches of a column of mercury lib. 

27-648 „ „ water lib. 

26895 „ „ sea wat«r ... lib. 
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A TABLE: 

SBKWmo TBK DIFTEnit»C-K tJT THE STRKMOTU l>r METkIA 



Wrought Iron 
Cupper 
Plutlnum ... 
SaYW 



1000 
550 
494 
349 



G«ld 
Zinc 



til 



... 271 

... 19fl 

... 63 

... SO 



A copper bolt or rod i>f tlie sotno thickncHt us iron, will aiutun Uttle 
more than one-half the weight iroa will Tron win;. oiic-aixtc«DtIi of an 
inch: iliiuncteTi ie capable iif Buatniuing » weight of 500D«. A bar of 
wTougbt-iron one iQch Bquftre, wfa4>n sound and goiMl, will r«iquirej 
taus tu puU it jtsiiiider. 



HEAT-CONDUOTING POWERS OF DIFFERENT METAL8. 



Gold 

Silver .. 

Copper 

Platinum .. 


,,. 1000 Iron ... 
... S73 Zinc ... 
... «9S Tin ... 
391 LctuI 


374^ 

35S 

304 

108 

■ 


3KEW1NU 

Gold 

PlHtiuuin 

Silver , 

Copper 

Brass 


A TABLE; 1 

THIi TEUFKHA.TCE& METi.Ls UBLT AT. 

Deiinai. Pmw. 

... 3016 Lead 614 

... 3280 Tin .. 44S 

... !«75 Zittc 7V*J 

... lOBfi Caatlnm I7fift 

... 1900 Mercury, boils 6T> 



Tin 2 parte, load 2 (fflrta, mixed, melts at 333°. 

Witli caat-iron, melted from tho pig, its strength may be rcpr? 
by 1 ; the Becond time by I J ; t]ie third time by 2, iiud so on uat 
hrva been melted nine or ten timea, when it will bare attained tla 
maximum atrength — that being about fouj tdmes the strength oftho 
first cnating. This ahcwa how iwpO'rtaLt it is to hRve aU toothed wheel*, 
particularly the first driving wheels, bnams, crankB, shafts, or other porta 
of a Steam Engine and going gear, made Cram good old metal, and not 
new pig-iion. By being te-oiGltcd, the metal becomes refined, cloeer in 
the pores, worlca smoother, and weare longer. 

Metal melted in a blast furnace is not equal in strength to thee aaw 
metal melted in an air hirnace. 



A TABLE FOR SAFETY VALVES, 
CYLINDERS, AIR-PUMPS. &c.. 

CmtuniDg tlie Circnmfereaces and Areas of Circles from iV of an 
indi to 10 inches, advancing by ^ of an inch ; and by ^ of an inch, 
from 10 inches to 100 inches Diameter. 



I^BMler. 


Ou^CUUI- 


JUea.. 


OiuDtiter. 


Cknritn. 


Area. 


tV 


.1963 


.0030 


2 la 


6.2832 


3.14L6 


i 


,3927 


.0122 


A 


C.4795 


3.3411 


A 


.5890 


.0276 


i 


6.6759 


3.5465 


i 


.7854 


.0490 


A 


6.8722 


3.7582 


A 


.9817 


.0767 


} 


7.0686 


3.9 T 60 


i 


1.1781 


.1104 


A 


7.^549 


4.2001 


A 


1.374+ 


.1503 


2 


7.4613 


4.4302 


i 


1.5708 


.1963 


A 


7.6576 


iM&i 


ft 


1.7671 


.2485 


i 


7,8540 


4.9087 


1 


1.9«J5 


.30C8 


A 


8.0503 


5.1573 


H 


2.1598 


.3712 


i 


8,2467 


S.4U0 


i 


2.3562 


.4417 


n 


8.4430 


5.6727 


« 


2.5525 


.5185 


i 


8.6394 


5.9395 


1 


2.74 S9 


.6013 


+8 


8.8367 


6.2126 


H 


SMoS 


.6903 


i 


9.0321 


6.4918 








H 


9.2284 


6.7772 


lin. 


3.U16 


.7854 










3.3379 


.8861 


3 to. 


9.4248 


7.0686 


3.5343 


.9940 


A 


9.6311 


7.3662 


A 

i 
A 


3.7306 


1.1075 


i 


9.8175 


7.6699 


3.fli370 


1.3271 


A 


10.0138 


7.9798 


4.1233 


1.35^9 


i 


10.2102 


8.2967 


4.3197 


1.4848 


A 


10.4065 


8.6179 


A 


4.5160 


1.6229 


s 


106029 


8.9462 


} 


4.7121 


1.7671 


A 


10.7992 


9.2806 


A 


4.9087 


1.9175 


i 


10.995G 


9.6211 


fi 


6.1051 


2,0739 


A 


11.1919 


9.9678 


H 


5.3014 


2,2365 


i 


11.3883 


10.3206 


} 


5.4978 


3,4053 


H 


11.5846 


10.6796 


H 


5.6941 


2,5801 


f 


11.7810 


11,0446 


5 


5.8905 


3.7611 


M 


11.9773 


11.4159 


H 


6.086 S 


3.9483 


I 


12.1737 


11.7933 





P 


1^ 


■ 


1 


Bj 






XTin. 




i 


■ 


OUomMt, 


Ctrvant. 


ftrs*. 


Dlawt^ 


Oraatik 


Arm^ 




H 


13.3700 


1S.1T68 


i 


20.4304 


33 183L 










ft 


20, e 1 67 


33.8244 


■ 




4ilL 


15.5604 


12.5564 


« 


20,8131 


34.4717 


■ 




1^ 


12.7C:i7 


13.fl(i22 


u 


31.0094 


35. 125 J 


■ 




ft 


12.95111 


13.3G40 


s 


21.2058 


35.7*47 


■ 




■A 


13.1554 


13.7721 


u 


21.4021 


36.4505 


■ 




} 


13.3518 


14.l8fl^ 


i 


21,A9Sai 


37.122* 






A 


13,54 SI 


14.60fiC 


H 


21.7948 


37.8005 


j 




9 


13.7445 


111.0331 








1 




A 


13,040^ 


15,4657 


7 in. 


21.0912 


38.4846 


1 




i 


ll.I37a 


15.yCl43 


ft 


22.1«75 


39.1749 






ft 


14,3335 


I«.34y3 


I 


22.3^30 


39.8713 






1 


H.Sa'J'J 


Ki.BliOl 


ft 


22.5803 


40.3469 






tl 


14.72(13 


17,2573 


i 


22.7768 


41.2825 






8 


14.»l>2fi 


17.T2flfi 


ft 


22.9729 


41.9974 






U 


U,11S9 


1(4.1900 


i 


^3.1693 


42.7184 






S 


15,3153 


18.66fi^ 


I'd 


33,3S5S 


43,4455 






4^ 


15,6718 


19.1472 


ft 


23.5620 
23.758S 


44.1787 

44.<I1S1 


i 




5 iiL 


15.7080 


19.C350 


* 


23.9547 


45,6636 


■ 




A 


15,5043 


30.12110 


H 


24.1510 


46.4153 


■ 




« 


1G.1I)(»" 


20.6230 


i 


24,3474 


47,1730 


■ 




A 


15.2970 


21.1253 


fS 


34.5437 


47.9370 


^ 




1 


K.493t 


21,G175 


i 


24.7401 


4 & 7070 






ft 


10,fi^97 


22.16C1 


H 


24.9364 


411.4033 






9 


16.8861 


22.0907 












A 


17.0824 


23.2215 


8 ill. 


25,1328 


50,2656 






1 


17.27 S8 


23,7583 


ft 


25,32»1 


51.0541 






ft 


17.47 SI 


24.3014 


25.5255 


51M^G 


^ 




i 


17.6718 


24,8505 


ft 


25,7218 


S2.Sl>lt4 


■ 




U 


17.8678 


S5AQ6& 


1 


35.9 1 ff2 


53.4562 


■ 




f 


16.0643 


35.9673 


ft 


26.1U5 


64.2748 


■ 




H 


1S.2C05 


26.5348 


t 


26.3109 


55.0885 


■ 




S 


1S,46(;9 


27.1085 


ft 


26.5073 


5.^.9138 


■ 




U 


lfi,fiS33 


27.6884 


ft 


26.7036 
26.8^99 


56.7451 

57.5887 


1 




ft in. 


18,8-1 96 


2g,2744 


i 


27.0963 


58.4264 


■ 




ft 


l!',04.'i9 


2«.86C5 


n 


27.2320 


59.7762 


■ 




ft 


li),3433 


2It,4C47 


i 


27.4890 


60,1321 


^ 




ft 


19.438n 


30,0798 


n 


27,6853 


60,9!)43 






1 


llf,(i35U 


30.6796 


I 


27,^817 


61,8635 






ft 


10.8313 


31.2964 


H 


27.0780 


62.7 3G0 






!l 


20.0277 


31.9192 












ft 


30,3240 


32.5481 


9 in. 


28,2744 


83.6174 

J 


4 




_ 


^ 


^ 




^^ 


J 





XIX. 



i 
I 



H 



2^ 

10 in. 



11 itL 



12 UL 



13 in. 



ClTcaoL 



2S,4!-07 
28-6671 
28.863i 
29.0508 
20.2561 
29.*o25 
29.0488 
iiU- 84.53 
3U.0415 
30.2379 
30,4342 
30.G300 
30.8260 
31.0233 
31.2196 

3h4IC0 
31.H087 
32.2014 
32.5941 
32.9868 
33.3795 
33.7722 
34.1649 

34.5576 
34.9503 
35.3430 
35.7357 
36.1384 
36.5211 
36.9138 
37.30C5 

37.6992 
38.0i)19 
38.4846 
38.8773 
39.2700 
30.6627 
40.0554 
40.4481 

43.&40& 



64,5041 
65.3968 
6^.2957 
67.2007 

68.1 J 20 
60.0293 
69.9528 
70.8833 
71.8181 
72.7599 
73.7079 
74.6620 
75.B2Ji3 
76.5Ktt7 
77.5C13 

7&-5400 
80.5157 

82,5160 
84.5409 
86.5903 
88.6643 

fl 0.7 6 27 
92.8858 

55.0334 

97.2053 
99.4021 
101.0234 
10.18691 
106.1394 
108,4342 
U0.753G 

113.0976 
lI5.4GflO 
117.8590 
120.2766 
122.7187 
125.1854 
127.676.") 
130.1923 

132.7326 



Diaioater 



1 

14 in. 



15 in. 



16 in. 



17 ia 



Qnnim. 



41.2338 

41.6262 
42.0189 
42.4116 
42.8043 
43.1970 
43.5897 

43.9824 
44,3751 
44.7676 
45.1005 
45.5532 
45,9459 
40-3386 
46.7313 

47.1240 

47.5167 
47.9094 
48,3021 
48.0048 
49.0875 
49.4802 
49,8729 

60.2G.56 
50.C58S 
51.0510 
51.44.')7 
ei.83C4 
52.2391 
52.6218 
53,0145 

53.4073 

53,7fl;>9 
54.1026 
54.5S53 
54.9780 
55,3707 
55,7634 
56.1561 



Aru. 



135.2974 
137.8867 
140,5007 
143,1391 
14.18021 
148.4896 
151,2017 

153.9384 
156,6995 
1.59.4852 
162.2956 
165.1303 
167.9896 
170.8733 
173.7820 

176.7150 
179.6725 
182.6545 
185.6613 
188,6923 
191.7480 
194.8282 
197.9330 

201.0624 
204.2162 
207.3946 

210.S976 
213.8251 
217.0772 
220,3537 
223,0549 

226.9806 
230.3308 
233.7055 
237,1049 
240.5287 
243.9771 
247.4500 
250.9475 





P 


■ 


r 


■ 


c 


■ 


■ 


■ 










IMuutv. 


-C'lmua. 


Are*. 


DUmotar. 


CtKniftL 




Uia. 


fi6.S48S 


254.4696 


23 in. 


72.3668 


415.4766 






56.9415 


258.01 Gl 


a 


73,6496 


420.004^1 






57.8342 


261.5873 




73.0423 


424.55T7 






ft7.r2flD 


205.182!) 


1 


73.4349 


429.1352 




4 


68.1196 


268.8031 


i 


73.8S76 


433.7371 1 






68.5123 


272.4479 


i 


74.2303 


438.3636 


^^H 


J 


58.9056 


270.1171 




74,6130 


443,0140 


^H 


B 


59.29r7 


279.8110 


I 


75.0057 


447,GHf*2 


^H 


IdiiL 


59.6»04 


283.5394 


34 In. 


75.3084 


452.3904 




i 


fiO.0331 


287.2723 




76.7911 


457.1150 




1 


00.4756 


291.03117 




76.1836 


461.8643 




GO. 8685 


2tJ4.8312 


76.5766 


466.6380 


^^^H 


i 


61i,2S12 


298.C483 




76.9693 


471.43€3 




i 


fil.6539 


302.4894 




77.3619 


476.3593 




i 


610466 


306.3550 




77.7546 


481.1065 




I 


62.4393 


310.24^2 




78.H7S 


485-9785 




20 in. 


62.5330 


314.1 GOO 


25 UL 


78.5400 


490,8750 






63,2247 


318.091)2 


1 


78.9327 


495.7960 


^^^H 


. 


63,6174 


3210630 


1 


79.33S4 


600.7416 






64.0101 


326.0514 


1 


79.7181 


605 7117 




■ 


64.402tf 


330.0643 


k 


80.1108 


610.70e3 






64,7955 


334.1018 




80.5035 


615-7255 




■ 


65.1883 


3.18.1637 


1 


80.8963 


520.7693 




1 


GSMdB 


343.2503 


I 


81.2689 


526.8375 




21 in. 


&5,7936 


346.36H 


36 in. 


8I.S816 


630,9304 




i 


66.3663 


350.4070 


S 


83.0743 


636.0477 


^^^1 






66,7590 


354.6571 




82.4670 


641.1896 




. 




67,1517 


358.8419 


1 


83.8597 


546.3561 








67.5444 


303.051 1 


i 


83.2534 


651.5471 








67,0371 


3C7.2849 




83.6451 


556.7627 




1 




68,3298 


371.5432 


1 


84.0378 


562.0027 




\ 


eB,7225 


37£.8361 


1 


84.1306 


667.3674 




nia. 


69.1152 


380.1336 


27 in. 


84.8233 


672.5566 






69.5079 


384.4656 


A 


85.2159 


577.8703 






G 9. 5006 


388.6220 






6S.0OS6 


683.3085 




i 

! 


70.2i)33 


393.2031 






86.0013 


688,5714 




■■ 


70.6860 


397.6087 


: 




86.3940 


693.9587 




i 


71.0787 


402-0388 






86,7867 


599,3706 




1 


7I.47U 


406.4936 






87.1794 


604,8070 




i 


71.8641 


410.9728 






87.5731 


610.2680 












^^ 


^ 



^v ^^^f ^^^^^1 




QtaBrttP. 


CIlvnBk. 


An*. 


Oaamn. 


Clrouni. 


Am. 


1 


as iu. 


87.&848 


615.7530 


,33 m 


103.G72& 


^55.3006 




h 


88.3575 


621.2G36 




104.0655 


8G 1.7 924 


^H 




1 


887502 


626.7982 


. 


104.4582 


8G8.3087 


^H 




89.U39 


«32.3574 


1 
1 


104.8509 


874.8497 


^H 




i 


89-5 S56 


637.9411 




106.243 ft 


8dl.4iai 


^H 






89.9283 


643.5494 


1 


105.6363 
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6o30.4lMf! 



275.6754 6047.6390 
276.0681 {6064,8710 



^P ^^^^^^^^^^^H 




QUnMte. 


Olrcmn- 


Arm- 


JMUMtW. 


ClnutD. 


Ana. 


1 


88 in. 


576.4508 


6082,1376 ' 


93 in. 


892.1688 


6703.9248 




1 


276.8535 


G099.42S7 


i 


292.5615 


0811.1974 


^H 




1 


277.2463 


6116.7432 


1 


292.9542 


6839.4^37 


^H 




1 


277.0383 


6134,0844 


293.3469 


6847.8167 


^H 




i 


278.0316 


6151.4491 


i 


293.7396 


6866-1631 


^H 






278,4243 


6163.8376 




294.1323 


6884.5338 


^H 




1 


278.817U 


G186.2591 


1 


394.5330 


6002.9296 


^H 




s 


279,21)97 


6203.6905 


h 


294.9177 


6921.3497 


^1 




89 m. 


379.6024 


6221.1534 


BtiiL 


295.3104 


6939.794S 


H 




1 


279.9951 


6238.6408 




295.7031 


6958-2636 


^H 




I 


280.3878 


t;25t;,1507 


' 


396.0S58 


6976.7552 


^H 




1 


280.7805 


G273.6893 


: 


296.4885 


6995.2755 


^H 






281.1732 


6291.2503 


k 


296.8819 


7013.8183 


^H 






281,50.59 


630 &. 835 1 




297.2739 


7032.3853 


^H 




1 


281. f 586 


G.32G,44C0 




287,6666 


7050.9773 


^H 




i 


282.3513 


6344.0807 


i 


298,0593 


7069,5940 


H 




90 ia 


282.7440 


6361,7400 


95 in. 


398.4520 


7088.2362 


^^^1 




i 


283.1367 


6379.4338 


s 


S9&8447 


7106,9005 


^1 






283. S 294 


6307.1300 




299.2374 


7125.5885 


^^1 




I 


283.9221 


6414.8649 


1 


399,6301 


7144.3052 


^H 




J 


284.3148 


6432.6223 


i 


300.0228 


7163.0443 


^H 




1 


284-7075 


6450.4039 




300.4155 


7181,8077 


^H 




1 


28S.1002 


64682107 


1 


300.8083 


7200,5962 


^H 




I 


285.4929 


6486.0418 


g 


301.2009 


7219.4090 


^1 




91 ia 


285.8856 


6503.8974 


95 in. 


301,5935 


7338,2466 


H 






286.3783 


6521.7772 


i 


301,9803 


7257.1083 


^H 






286,6710 


6539.6801 




302,3790 


7275,9926 


^H 




' 


287.0637 


6,157.6114 


s 


303,7717 


7234.0056 


^H 




■ 


287.4564 


6573,5651 


i 


303,1644 


7313.8411 


^H 




: 


287.8491 


6593,5431 




303.5571 


7332.8008 


^H 




i 


288.2418 


6611.5462 


1 


303.9498 


7351.7857 


^H 




i 


288.S345 


6629.5736 


I 


304.3425 


7370.7949 


^1 




92 in. 


289.0272 


6647.6258 


97 In. 


304.7352 


7389.8288 


^1 




I 


280.4199 


6665.7031 


i 


305,1279 


7408.8868 


^H 




t 


289.81 3fl 


6683.8010 




305.6306 


7427.9675 


^H 




i 


290.2053 


6701.9286 


1 


305.9133 


7447.0709 


^^1 




.. 


290. ,5980 


6720,0787 


i 


308.3060 


7466.2087 


^H 




i 


290.9907 


6733.2530 




306.6987 


7485.3648 


^H 




. 


291.3834 


6756.4525 


1 


307,01)14 


7504.5460 


^H 


1 


[ ^ 


291.7661 


6774.6763 


I 


307,4841 


7.'5 23.75 15 


1 




L 


1^ 


^^^^^ 


^^ 


^ 


^ 



XXVIII. 



DUn-*teI. 



98 in. 



I 
99 in. 



Clrcuni, 



307.8768 
308.2695 
308.6633 
309.0549 
309.4476 
309.8403 
310.2330 
310.6257 

311.0184 



An*. 



754 3.981 8 
7562.2362 
7581.5133 

7600.8189 
7630.1471 
7639.4995 
7658.8771 
7678.2790 

7697.7056 



tHnwIa. 



Clraim. 



31U111 

311.8038 
312.1965 
313.5892 
312.9819 
313.3746 
313.7673 

314.1600 



7717.1563 
7r36.fi297 
775S.1318 
7775.6563 
7795.2051 
78 H. 7 790 
7834.3772 

7854.0000 



A TABLE CONTAINING 

THE CIRCUMFERENCES AND AREAS 

OF CIRCLES. 

From 8 to SO Feet, advaadng by ao Inch at a time. 



DiBmeter 






Pinmetor 


Clrciim 


ftiron™ 


1 


la Feei rUd 


in Fectuid 


ATM Id FmU 


Id Fsat and 


hi Pant and 


ArgalaFsat 1 


lacbw. 


Imeha*. 




Incbei. 


InolieL 




8 ft 


25 


n 


50.2656 


& 


32 


8g 


85.2211 


1 


25 


4i 


51.3178 


6 


32 


11? 


86.5903 


2 


25 


n 


52.3816 


7 


33 


A 


87.9697 


3 


25 


11 


53.4562 


8 


33 


H 


89.3608 


4 


26 


i\ 


54.5412 


9 


33 


H 


90.7627 


5 


26 


55.6377 


10 


34 


H 


92.1749 


6 


26 


H 


56.7451 


11 


34 


H 


93.5986 


7 


26 


111 


57.8628 










8 


27 


2| 


58.9920 


11 ft 


34 


H 


95.0334 


9 


27 


H 


60.1321 


1 


34 


H 


96.4783 


10 


27 


9 


61.2826 


3 


35 





97.9347 


11 


28 


n 


62.4445 


3 


35 


4i 


99.4021 










4 


35 


7 


100.8797 


9fL 


28 


H 


63.6174 


5 


35 


10; 


102.3689 


1 


28 


6i 


64.8006 


6 


36 


1 


103.8691 


3 


28 


9: 


65.9951 


7 


36 


4 


105.3794 


3 


29 


Oi 


67.2007 


8 


36 


7 


106.9013 


4 


29 


3i 


68.4166 


9 


36 


IOb 


108.4342 


5 


29 


7 


69.6440 


10 


37 


n 


109.9772 


6 


29 


104 


70.8823 


11 


37 


5i 


111.5319 


7 


30 


ll 


72.1309 










8 


30 


^i 


73.3910 


12 ft 


37 


8§ 


113.0976 


9 


30 


7i 


74.6620 


1 


37 


\n 


114.6732 1 


10 


30 


Hi 


75.9433 


2 


38 


H 


116.2607 


11 


31 


ll 


76.2362 


3 


38 


H 


117.8590 










4 


38 


H 


119.4674 


10 ft. 


31 


5 


78.5400 


5 


39 





121.0876 


1 


31 


8 


79.8540 


6 


39 


3 


122.7187 


2 


31 


11 


81.1795 


7 


39 


n 


124.3598 


3 


32 


2 


S2.fiI60 


6 


39 


H 


126.0127 ; 


4 


32 


^i 


83.8627 


9 


40 


0| 


127.6765 ' 





r 


"mt 


m 


1 


jH 




XTX. 






1 




nuMiv 


^fWSnXBDCt 




»..^ 


CirdEodv^iav 




1 




laVaalabd 


iBFCMHid 


AnanhM. 


kBAMM* 


taltaiHrf 


AtmUVum. 


^^H 




tiiiiiii 


UmbtL. 




lBr>W 


iMbM. 




1 


10 


40 3 


129.3504 


2 


50 91 


S0S,S7M 




11 


10 61 


131.036V 


3 

4 


51 
61 3 


S07.39i« 
S09l5364 


I 




IS ft. 


40 10 


132.7336 


5 


01 8 


21 1.6703 


H 


^^^1 


1 


tl 1 




134.4391 


« 


01 10 


313.t^251 


H 




s 


41 4 




136.1574 


7 


Si H 


216.9896 


H 




3 


41 7 




137.S867 


8 


53 4 

52 7 


21 a 1661 


H 
" 




4 


11 10 




139.62(50 


9 


S»XS537 






£ 


42 Ig 


141.3771 


10 


63 10 


niL66io 






6 


143.1391 


11 


S3 1 


224-7603 






7 


43 8 


144.9111 












9 


42 11 


146.6949 


17 ft 


S3 4| 


SS6.9806 






9 


43 S 


Ua4896 


I 


53 8 


229,2106 


^ 




10 


43 6 


150.2943 


i 


53 111 


251 4525 


m 




11 


43 « 


153.1109 


3 
4 


54 21 

54 51 


233.7055 
236.966S 1 


1 




MtL 


43 ii; 


153.9364 


5 


54 8| 


238.2130 




^^^^k 1 


44 2i 


155.7758 


6 


54 ua 


240-5287 






M g 


44 6 


157.6250 


7 


55 21 


2+2.&241 






3 


44 9 


159.4653 


S 


So 6 


24-3.1316 






i 


45 


161.3553 


9 


55 9 


347,4500 






5 


45 3 


163.2373 


10 


56 
66 3| 


243.7781 






6 


45 « 


165.1303 


n 


252.1184 






7 


45 9 


167.0331 












8 


46 


1G6.9479 


18 Al 


56 6 


2544696 






9 


46 4 


170.8735 


1 


56 9 


25().S303 






10 


46 7i 


172.8091 


3 


67 


25a. 2033 






11 


46 11} 


174.7565 


3 

4 


57 4 
57 7| 


261 5872 
263.9807 






15 fi 


47 1 


176-7150 


5 


67 10 


266.3864 






1 


47 4 


178.G832 


6 


68 1 


26&803I 






2 


47 7 


180.6634 


7 


08 4 


2TI.2293 






3 


47 m 


182.6515 


8 


58 7| 


2736578 






1 


48 3i 


164-6555 


9 


68 lOf 


2TG.U71 






S 


48 £| 


186.6C64 


10 


59 3 


278.3761 






6 


48 sl 


188.6923 


11 


09 04 


281.0473 






7 


48 llf 


190.7260 












8 


49 Sl 


192.7716 


19 h. 


69 64 


2835294 






9 


49 Sf 


194.6282 


I 


59 111 


286 0210 






10 


49 81 


196.8946 


3 


60 2| 


2S8.5249 






U 


50 


19S.9730 


3 
4 


60 5f 
60 6| 


291.0397 
203.5641 J 


■ 




16 ft. 


50 Si 


201.0624 


5 


60 115 

61 3| 


20fi.ll07 1 


■ 




1 


50 fij 203.1615 


6 


298.6483 " 


^m 




^ 


^^ 


^ 


^^ 


^ 


1 



^^^f ^^^^^^^^^^^M 




ClVGUIllhlttUSS 




OUntMt 


ClmuiLraivica 




^H 


talMvxt 


ifi.FMt *Bd 


jji« In P.«l 


lnP«rt«nd 


lnr*Muid 


Amui r*n. 


^^^^^^1 


iBCbO. 


IncbM. 




IncbBfc 


tuvlwa. 




■ 


k 


61 6^ 


301.2064 ' 


S3 ft 


72 3 


415.4766 


w% 


61 9 


303.7747 


1 


72 64 


418.4915 


^^^H 


mJ. 


63 


3tl6.3.'550 , 


3 


72 9^ 


421.5193 


^^^H 


b 


fi2 3 


3ntii.944S ' 


a 


73 OJ 


424,6577 


^^^1 


p 


62 6| 


311.5469 i 


i 

5 


73 3| 
73 til 


427.6055 
430.61(58 


^H 


1 aoft- 


62 dj 


314.1600 


t> 


73 9| 


433,7371 


^^^H 


■ 


63 ll 


3ie.7824 


1 


74 i 


436.8175 


^^^1 


■ 


63 -*! 
63 7| 


3194173 


8 


7i H 


439.9106 


^^^^1 


■ 


332.0630 


9 


74 7| 


443.0 H6 


^^^1 


■ 


63 11^ 


324.718S 


10 


74 log 


446.1278 


^^^H 


■ 


CI 1| 


327.3858 


U 


76 Ig 


449.2536 


^^^H 


W^ 


C4 4; 


330.0643 








^^^H 


r 


64 7J 


332.7523 


24 ft 


75 43 


452,3904 


^^^H 


8 


64 11 


335.4.525 


I 


75 7| 


455.5362 


^^^H 


8 


65 2 


33&1S37 


2 


75 11 


458.6948 


^^^H 


^ 


65 5 


340.8844 


3 


76 2 




461,8642 


^^^H 


■1 


65 li{ 


343.0174 


4 


76 5 




4G5.0428 


^^^H 








6 


76 8 




468.2341 


^^^H 


, 31 ft 


65 lU 


346.3614 


6 


76 lift 


471.4363 


^^^H 


■rt 


66 2| 


349.1347 


7 


77 2f 


474.0476 


^^^H 


^H 


66 5| 


351.8804 


8 


77 5S 


477.8716 


^^^H 


^H 


66 9 


354.6571 


9 


77 9 


481.1065 


^^^H 


^H 


67 01 


357.4433 


10 


78 OJ 


484.3506 


^^^M 


^^B 


67 3| 


360.2417 


11 


78 3i 


487.6073 


^^^H 


^^B 


67 ej 


363.051 1 








^^^^1 


^B 


67 9| 


365.869ii 


Soft 


78 ee 


490.8750 


^^^1 


^H 


68 Of 


368.7011 


I 


78 94 


494.1516 


^^^H 


^^^^F 


68 Si 


371.5432 


2 


79 


497.4411 


^^^H 


^^ft 


68 7 


374.3947 


3 


79 3 


600.7415 


^^^^1 


■ 


68 lOi 


377.26B7 


4 
6 


79 7 

79 U 


604.0510 
607.3733 


^B 


23 ft 


69 If 


380,1336 


6 


84 1 


510.7083 


^^^H 


^ 


69 4i 


383.0177 


7 


80 4g 


614.0184 


^^^1 


■ 


69 7S 


385. U 144 


8 


80 rl 


617.4034 


^^^H 


■ 


69 lOf 


388.8220 


9 


80 10| 


620.7692 


^^^H 


■ 


70 li 


391.7389 


10 


81 Ig 


624.1441 


^^^H 


m 


70 6 


394.6683 


11 


81 5 


537.6318 


^^^H 


s 


70 8i 
ro llj 


397.6087 








^^^H 


te 


400.5583 


26 ft. 


61 81 


530.9304 


^^^H 




71 n 


403.5204 


1 


81 llj 


534.3379 


^^^H 




71 0^ 


406.4935 


3 


82 21 


537.7583 


^^^H 


10 


71 8? 


409-*75fl 


S 


83 5J 


641,1890 


^^^H 


t 


71 llj 


412.4707 


4 


83 8| 


541.6299 


^1 


ti 


^ 


^ 


^^^ 


J 



XULO. 



^^^^ 


»««■ 


*>«M 


1 


Uittviar 




J 


kVMHd 


toP* 


>nd 


AlMlBfMN. 


■ PMin4 


MF* 


«Ma 


AnslRPMr 


iBdM. 


IM 


^ 




•- ■- 


tadn. 




s 


63 112 


548.0830 


3 


88 


9 


63A798S 


s 


«$ 


s 


551.5171 


4 


89 







eSOAOlM 


7 


es 


6 




555.0201 


9 


89 


S 




«34.3I5S 


8 


BS 


9 




553,5059 


« 


89 


6 




«s-?iii 


9 


M 







502.0037 


7 


89 


9 




641.6758 


10 


ei 


3. 




565,5084 


e 


90 







«45.4S35 


11 


ei 


6 


569.0370 


9 


90 


*? 


649.!-:! 










10 


90 


6 


: 


6o:' 


TJtL 


84 


n 


572.5566 


11 


9U 


It 


656.7 3UU 


I 


&5 


1 


576. 09« 










2 


S5 


4 




579.6463 


39 ft. 


91 


1 




9(10 r, 2] i 


3 


ftS 


8 




583.2085 


I 


91 


4 


«64 3:14 


4 


85 


U 




586,7796 


3 


91 


7 


fi68.l ;(■; 





Sd 


1 




590.3637 


3 


91 


10 


671 U'T 


6 


88 


4 




593.9567 


4 


93 


1 


«r5.;'.*i." 


T 


86 


7- 




597.5625 


5 


92 


4 


67{* f^AXT. 


8 


86 


11 


60M793 


6 


93 


8 




683 4 1> 43 


9 


87 


n 


601.8070 


7 


92 


11 


«87.35&8 , 


10 


8r 


si 


0Oa4436 


8 


93 


3[ 


£91.3385 1 


11 


87 


H 


612.0931 


9 


93 


5 


695.1S80 1 










10 


93 


8 
11 


6990363 ; 


26 ft. 


87 


in 


615.7536 


U 


93 


702.937U 


1 


88 


s| 


619.4228 








■ 


a 


ss 


5i 


623.1050 


soft. 


94 


n 


70&8«0fl 



^^^^^H ^^^1 


1 A TABLE: ^^^| 


1 Sliewiug the Preaeure of Steam, from 2^^ up to GOIbi ; and the hdght ^H 


^^K uf « Column of Mercury, and the aumttcT of Feet and loclieB ^| 




of Water in a Column at the diffuent Pressuree. 


^H 








?(el and tncbn 


^^^1 




P»T> at 


tlteil^aot 


irf Wain IB bdchl M 


^^^^^^^1 


^^^^^^^^^M 


Hmm. 


Mtmr] 0«lani»t 


FiMvue. 


■ 


PoDfldl. 


iDCbM; 


FHt. iDOtM. 




2i 


5*15 


5 9 


^^^H 




3 


6-18 


6 U 


^^^^1 




H 


7-31 


a Of 


^^^H 




4 


8-24 


9 2} 


^^^^M 


^^^^^^^^^^B 1 


H 


9-37 


10 4 


^^^H 


^^^^^Hl 


6 


10-30 


11 6 


^^^^H 


^^^^^^^Hi 


H 


11-33 


12 8 


^^^H 




6 


lS-36 


13 10 


^^^^1 




H 


13-39 


1& 


^^^H 




7 


14-42 


1€ s 


^^^^H 




n 


15-45 


17 4j 


^^^H 




6 


16-48 


18 3 


^^^^H 




10 


20-60 


S3 OA 


^^^^1 




13 


24-72 


27 8 


^^^^1 




15 


39-90 


34 6 


^^^^1 




20 


41-20 


i& i; 


^^^^1 




25 


81-50 


S7 7| 


^^^^1 




30 


61-80 


69 ll 


^^^H 




35 


72-12 


S6 K 


^^^^1 




40 


82-41 


92 2^ 


^^^H 




45 


32-70 


103 'J 


^^^^1 




50 


103-00 


116 3 


^^^^1 




55 


113-31 


12« 


^^^^1 




60 


123-60 


136 3^ 


^^^H 




Jldditiana] nlonui af 




9 fktl 31 \>nihe9 of a 


^^^^H 




3'OSl lutba of 




ccrluoiD ciCr«fi>r 


^^^^^^^M 




MenaiT for etch ailrm 




>«ach LrtTfaMf] pound 


^^^^^^M 




Smni pnwart- i 




prvHiiiT, 


^^^M 


^^Bfiteam 


produced from impure wat«r Is not of equal denei^f 


to Bt«ain ^H 


"ftoSQ pure water. Steam from pure water, nt a ttmpentturo of 212 ^| 


Af^Snee, euppoits a. coIuhlii of mercur; of 30 incbeB ; and Btcam from ^| 


Ma Wftter, &t the Mine temperature, supports onl^ 22^ incbes. Oommoo ^M 


wntsr, at a temperaturo of 230 c(egre««, Buppurta Sij inches ; and sea ^M 


water, at tlio same temperature, 30^ inches of a column of mertuiy. ^H 


Preesure and temperature in this case varies. In all caaes vhero accuracy ^H 


of presmu'e is requisite, aa open column of merctiry is th« moat eensitive ^| 


1 and correct indicator. ^^^ 



XXXIV. 

A TABLE; 

Shewing the Temperiktiire of Stciun at different Presaures, from IBi] 
SqUitfe IqcU ttf SlOlbe, and the quantity <ifStaiiu proiliictfl 
ttoTa a Cubic Inch of Water, according to Preasure. 



NoTB. — Add the pminn aI thft &iii<aBpbBre, Uftt, U the pretnin am 

gauge, lo ccrrGipMud with tbe tsblfi 



ToUl 
Pnwian 

In Km pu 
SAoiLn 

Inch, 


Id Pnwart- 


Cubic In-thsifpf 

SI ram Tniin 
■ Tnli-ji* [noh ot 

Id rtcHulc. 


Tol»l 

•.r Slwrn 
til tbi iwr 

liicb. 

89 


CorrnpoD din|r 
la PrcMbn. 


Cubic iDCbwcl 

Suwn flnm ! 

aCalnlc iDL-haT 

lu Prmuro. 


J 


1 


103-9 


908 GS 


255-5 


833 


2 
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This t&ble shews tbat the Baviag of fuel ia m proptirtion to the increiise 
«f preeaurc. The udvantngo of generating soil uBiag hi^h-preeaure ateam 
is th^relij' tasAii appuveat. The table shewe that tli« lut IQIba of addi- 
tiou&l frC'Sffiitre only require 4 degrGes of heat to raiae it ; whereaa tbo 
fiirt ICiBtf of pressure above the atmosphere require* 29 udditiooal liegrees 
bf beat to raise it — & ilitfcreocQ at 25 degrees. H^nco a sm^ tkcciasioii 
of h€4t at a high temperature, pro<luccB an incrraise oT eWttc fierce ; and 
a small nbBtTuction of heat reduces its bulk, by tho applti^tion of cold, 
in the mtio uf ite deiisi^ ; proving the odvantnge of cluthiDg cyliuden, 
•teMEQ pipes, hoilere, &c., with a uoQ-Gonductoi of heat or cold — a, sura 
uving of fuel vrhex^ adopted, sJid more p&itinUailf required where higb- 
pi mu fg rteam is used. 
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DXJRABLE CEMENT 

FOR STEAJl AND WATER JOlKTa, OAS EETORT3. ETC. 

Take lOlhs of Orauml Litharge, 4lbe of Ground Paris Wbite, Jib of 
Yellow Ochre, 2INs of H«l Lead, Joz. of Hemp, cut into lengths of half- 
an-tDcti. Mh oil together with Boiled UoseL-il Oil, to the conedstenoe of 
TGI? Bliff Futtj. M&kQ tbe jgiot with tLe Cement in tl>4 u«tial w^. 
The above tnurturc, well modi?, will set qiiii'ld; wben Leat is ikpplied. 
It ftiiawers well for the joints of eteam pip«8, for leaknges in boiler*, for 
ciBterna, gtx rctorta, or any other purpose requiriog a durable Cement, 
It resiBts fire, and irill set in water. 

Soe that the vhole is well ground and mixed together. 

Be particular that the Litharge is good. It is too often adultented 
fc; the retail di'dera. 

StncA this receipt voa published in the first edition of this work, 
several piirtiea make and vend the Cement, Imt of a very inferior (jimlity 
— the greatest portiun ufthe ingredients being Bristol Brick aud 
8aud, with a little Litliitrge. 

The Cement may be hnd, mixed, of Messrs. IIofkinbosi AjtD 
Britannia Works, Haddorefield, in Casks, at 42/- per evt. 



USEFUL CEMENT 

FOB ItmEBTOUS, CISTEOKS, WALLS, WATKB COVBSBB, 



Take 90 parts of well-burnt Brick or Clny {Fire Brick is the bfwt), 
and 10 parte uf Litharge, w«ll pulveriaed and mixed together -vrith Boileil 
Linwod Oil, to the cotjfli»teBoy of thin plaetcr. 

Um it in tbo sniae inaEiner aa piaster, previaualy wetting the parts to 
bo ooTered with water. Tfiia last preaiution is iiidiBpenaabie. or the Oil 
will be abaorhed, and prevent the Cement from hardening. Applied 
the node at&ted, in thre« or foux days the Cement will become firm. 



GLOSSARY. 



-A piiinp to wiUtdrav tbe ooodoiMd tMiii ftod aster tnm 
. Mnd^nBer uf tli£ Steam En^D& 

t. — Tbe lowDi part of the furnace^ usdct Ui» ttt hm. 

iKRtc SiSGLE-ACTL^Q Es(ii5^&— Tbe preoEure of tho ttaaa acta 
luring the i)[i-Etrok<? onl; ; the letum-etrolce bdng perfonued bjr 
11)4.1 jircs^uK nf tb« Atiiiusphere, when & parti&l tocudid u forued 
iiler the pistuD b; tbe applic&tion of cold water. 

t. — Thfi term giv^ to jais, wfaen one portion of the niacliiuery 
h^ it« velocity so incre^eed from some cause that it rfiltoitmU 
-with » sudden blow upou the part^ from nhiah it ougiit to xlcrirc 
jte motiuQ. 

IFT. — Reeling water from the bottom of tlio boiler in mitt lo 
reiil tbe detn^itiun vt iOiie, «r cuuil. 

aOoB V^LTE. — A Tolre tu bluv etcwa thnnigfa tlie qrliadrr 
Dondenser before Bta-rting. 

disc of (>ast'iroi]. An jrrefiil&r figure for giving no^ao tfl tbe 
KTuion-Talv?. 

90 TDK StEAH PiPZ, BoILG^ &C.— CoTCTil« UmB with bit, VI 
[otlier noD'caiid acting mntcrialB. 

I SkivTY Valvb— discbaiget the ttMm akn tb w^m wm 
Ibxj low in the boilur, or the itumm tat 
iFatatit. 



S8i»c ^NGrsE. — la whkli tl» 
^tlko cjrliiidor, thw fooUsg s n 

;. — Ao Imtininait (of 
IUm 8p«ed o( atlMr 



«■ M* ait 4«ttBptaCm 

■ iiiiViiii>i«rihrfib>. 



XI.^ 



OLOHiTca OF THE ElHACST — may be either I&te orr early. Early cloaing b 
when tbs Talve cloeea the eihauBt-port 'before the termination of 
Qte stroke ; the pistan is tben cuB^itited hj the elasticity 
the Hteam betwixt the tup or bottom of the cylinder. 

DUQftAM or iNDiCAToa. — A figure tt*ced by the pencil of the St 
Engine Indicator. 

DlBKOT-ACTINO EsonfK. — An Engino in which the piston communjc 
in a direct manner from the piatnn-rod to the cr&nlc. 

DotncEY Ekoins — An auxiliary fur feeding the builws, or f«r 

purpose* requiring power. 

DouBLE-ACTiaa Bngne is one in which the steun tuts on each aide of 
the piiaton tiUiernately, with or without a i-acuum. 

DoUBLfl'i.OTUrs PrMT. — One which lifb aai forCCs «ltertl4tdy. 

EccBNTRio. — Used for giving the proper etrok^ to the vtdvea. 

EDircTioy or Eieapbt-poets. — Through which the steam p&aac« 
the vfUres to the coaden«er. or to the atmosphere. 

EuTBOTivE Heattso Surpacb IN A BoiLER, — Hall' OT Upper aide of i 
fiuo it] n CuruiBh boiler, or half the surface iu tuhujar boilers. 

ENOtrtESK OR Enoinb-tehteb, — The manager of an Engine. 

EQunjBsnjM, Cohnish, ob Doitblb-bbat Valves. — ValTes vhlch an 
pressed by Btaam in all dirpctionfl. 

ExFAXSiON Gear, — Wortwl independently of the cylinder-valres for 
purpose of cutting off the Btcam at different poitiooa of the i 

Foot Valve. — A vbXvc between the bottom of the condenBer and 
nir-pmnp. 

Fusible Plugs. — Fumble metal plitge fitted in boilers, being tapeeUd to 
melt wheii the boiler becomes short of water, CT the teluperatiiTc 
too high. 

OAcaB Cooks. — Attached to boilen, and sitppoied to Ladicate the level 
of the water, 

Qlabb Wato. Qattob. — A gl&fis tube, one end being eenneoted to tie 
water and the other to the atoom portion of the boiloTt for 
shewing the level of the water therein. 

QovE&HOE. — For re£;ulat3iig thei epwd of the Engbe. 

HiQH-PBXssiTKE. — Non -condensing Enginca 

EiuH-PB&sauKE Stbau, — Steam SOIte, or more, above the preataw , 

the atmosphere. 



XLt. 



Hosn Powxx, nomiiial or iDcUoalcd, is 33,O001I« weight miaed one fo 
high pa- minute, iiul^pendeaU; of the friction of the Engine ani 
sbitftiiii^ 

ImsURATION, OS $CAXE. — Ingredients which collect os tin) inner surfooo 
of (be plfttcB oT a boiler. 

Ikhcator. — An iutTuiDent lued for ascfiitainiDg the working conditioa 
of an Eagbo, gr the powot it u exertini:. 

ImatmoN. — A jet of coM water luol ta condenw the Btcsm In ths 
coadenaer. 

lJUi> or SuDZ Valve. — Opening of the valve to admit the ^tcam to tha 
oppoaitfi aide of the piatoo, before tbc tercaiiuitiou «f the stroko. 

LcBStCATOK. — A cMp for holdiog oil ortallcw, ntid distributing it to the 
working parte in the interior of the cyliitder, «r to tubbing 
Burfaioes. 

0m1LLATU<0 EKoiijE. — Au Engine in vhich the (flinders A6CiUAt<i tbe 
bead uf the piatou-rod being attachud to the crank-pia. 

Safxty Valvse. — Valve» attached to boOers fur the c&cdpe of steam 
whdD it hoe ubtiuiied its nia«iinmii. 

Steam Boc-a. — Spftc^ for etauo abovo the water in the boilw, or in the 
pipca or paefiiigea to the Engine. 

Stkam Gaug£. — To shew the prcastiro i>f the steoni in tb? boiler 

Stop Valveb.^ — Valvca betwixt the boiler and Buglne. 

SuFEE-HEATED SxEAiL — Steam the teroperatnre of which has beou in- 
creused after leaving the bailer. 

ScBCBABOKD Steau, — Steam which hth an excess of watery particlu 
held in mechauical suspeuAion. 

Thbottlk Valitk. — A valve to regulate the flow of the ateatn from the 
boiler to the Engine. 

TUBULAB BoiLEB. — A boiler baring a great niuober of tubes, through 
which the flame passes into the chimney after leaving the fiimace. 

VA>oirDU GAcrrE. — Connected with the condenser, tuehcw the amcunt 
of vacuum. 

Valve CAamo. — A covering for the valve containing the steam. 

Waste St£AU. — .Steum from a High-pressure or Non-condenaing Engine 
after leaving the cylinder. 



n. ■DOWN, r'HiifTiB. HARiuT-PLicroQitNKN. uvuoiaHrtsi.D. 



ADVERTISEMENTS 

OF 

USEFUL ADJUNCTS 
STEAM ENGINES AND BOILERS, 



NAKUFALTURM BV 



J. HOPKINSON & Co., 

ENGINEERS, HXmDEESFIELD. 



Mr. Ilopinmoti atlenth Manchaler Royal Eixhange on Tuadaift. 



MESSRS. HOPKINSON 8; CO. 

Beg to coll alleiUioB to iheif PATENTED 

MERCURIAL STEAM GAUGE, 

Upwarda of 2,000 '>^ which are now in roe. 

Far simplicil? of consmicEion, ocrUintfll' 
KtioD} and accuracy of indicBiion. it it br 

will tc as efficient ai llie «i»I «£ tweolf JMH 

«B at llie ccuimeDccDiMit. 



A column of Merewy, "s tlie Lruest ludi- 
caCor »f the frcEsure «f Stc^tn, wu fiigi 
luiijpted \y tliftt grc-nt ijnpnuer of tbe SlMIS 
Eiiupjic, AwrS Win ; Wi4 for the Lo»- 
)<rc:^iitri> Boilcis of Ilia lime, tE»i fiirajtle Mer- 
ciiriftl Sjl'tufl whioh li* ifltradueeJ wm moai 
cllicicQl as an ladicalor, and \jtst adapted ht 

tlic wftQii of the tiiuea. 



0; 



ea 



Sinee the days of Wjirr, howeTcr, the nw 
of High-pressure Slesm lias been contmuiJljr 
oil ilic JDcroose, bccniiseof iu grent enonomfi 
und Cu Higli-()rc£«iii« Boilrn tlie Law-prt»> 
sure Syplion Guuge is innpiiliutblc ; uid 
iLough attenipta ha\c bcec atoile to adapt the 
open column «f Mercury (which ull oiluiil U 
the uioBl porfccc indi'CBior ut yteasntQ) to tlie 
Dcw circuDistuncea, siil] the incouvi-iijci.it 
Icngtl) of M!a1e wliich ihv indication of high- 

fressure requireg, has prevented the use of 
(iiitJUineQls upon ibis arr&n^ement. la 
the Patented Alercurial Gauge, howerer, 
Hessre. Hai'tcirc^aN base surmounted Iliia 
hitfacrto foraiidubk difficulty. While their 
Oftiige is funaed bjr the iitecl action of an 
open column of Mcircurj, ilie ttegislering 
Appuraius b upon B email fcale, withiu Lite 
ci)iiij«fis of an ordinary dial, not mUuikable 
by i!]p eye, noi liable lo dprnngeincntjand out 
of [lie rcBcli of tauipcrings — for its accuncj 
can Sie tested at an; munient. Tliii deaiiler»- 
iiiiii has been Dccumpli.stied wiihoui the aid 
or iiilervemion of springs, hem iulic3, lerezH, 
wliccl-worlii comprewcd air, clastic bodie* 
yielding' to pressure, or any other nicely-tilled 
pliilosophical appnmtus — beautiful in thL-orj 
at] J confitracttou, hut iasecuie and uDccrtoiu 
in practice. 

Upon none of these J'Ocb the Patent Mcr 
eurial Oauu'C depend for its action ; but 
only upon the direct weight of tbe open Mer- 
ouriul cotuntn, vith the aiagle ana certiin 
En«aD8 of regisiraiion. 



HOPKUVSON'S IMPROVED 



DIAL PRESSURE GAUGE. 




Pries DOa. each. 
*,* Engineers and Boiler-Makers BDppliei) on the ubuijJ tenna. 



TAPS FOR INDICATORS. 



SuitAbto Tnpg for tlie top and buttom of En^ue O^lindon aru alwsyi 
on hiuid. Tb^o Tniw are ^nfiroUj fixed under tliu rndiu»-Wr, w tltfet 
parties tiiiliratin; can work the Instnimc-cit without loss of tiuie ud 
annoc^aaij labuur. Tho Tsps arc fltted witli n thread tu St tbo ludi* 
o>tor, and a screw (dug to protect them from injury when not in me-^ 
the; being iulended Ui be fixture* on the Cylinder. 

Price Six ShilliugB each, 
BRIX'ANNIA WORKS, HUDDERSFIEU). 



STEAM WHISTLES. 



UltASS liTEAU WHISTLES ALSO UN HAND'. 
Pries 138- 6d. «a.elL 



WATER GLASSES. 



MeHsre. HoFEm&oN & Co. have plcuure in acquitintTng Proprii 
of Steam Bui1«ra that they have saccoodcd iii improving the aimealing 
of Wnt^r OlftflBes, by n aooondary proceu after they have ieft the hands 
of tho Glass MaTniTiictureps — wliich prooMs caueca Ibom to be much mora 
durable, and nim:h Icbh liablo tu be affected bj changes of tempcratun : 
ttuiB priivcuthij; acciiletifca to Firemen, or to those hluwing-off. 

Price IJd. per Inch. 



HOPKINSON'S PATENT 



MERCURIAL 



VACUUM GAUGE 



The New Vacuum Gauge i« coMlnicted on ttie wime principle ne 
fteoPKiKSOs'a Mercurial Column Steam Gauge. Every part of the 
InstrameTit is Bubetontially mude. The Registering of thei Vacuum 
is prodii>ced by the Mercury ascending in aa Iron Tube, and dneending 
in n sttObg Gloss Tube — the heiglit of tli« Meroury in the latter shewing 
the quality of the Vacuum. The Gauge is warranted i<t be correct, and 
it may easily bo taken to pieces fur eiaminatiou. It is companitiTely 
from liability to breakage, and "ttir-epacea" cannot ioterfera with 
it< sctian. It is unctiualled in the legibility of ita scale, xaA forma 
withai % neat Inetruroent, 

Price £Q 10b. Complete, 
TACUUU Ti TAT. GAUOES, B&VtE PAIOB. 



BRITANNIA WOKKS, HTJDDEE3FIELD. 



PATENT LTTBRICATOR 

FOlt STATIONARY, LOCOMOTn'B, AND MARINE ENGINE 
CYLINDERS. 



The Patent Lubricator introduced bj Meeers. Hopkinsox & Co,, is 

of a aitDple o-nA effeictive character, poaei^liig all itlie neceBaary qualities 
required for pruperly lubricating High or Low-presBure Steam Engin« 
Pistone &nd YolTice. The luhricatlug matter can be forced iDto the 
cylinder at any time, either when the Engitie a at worli or othenriae^ 
whatever may be the preBsure of steam upon the pLBton. By turning the 
bottom tap of the Lubricator two Eeparnte thorougiifftrefl are opened at 
the same time, one in coQuection «'ith the cyliaderj and the other in 
coQaeotioD with tho pressure in the etcam-pipe in tbe Boiler. The latter 
premme acts upon the surface of the lubricating matter, and forcea it 
Bguust the interior surface of the cylinder in a ^pray-like form. 

Price £2 2s. each- 




STEAM ENGINE COUNTER, 



This ing eniuua apparatus is made to cuuut from One tu Ten Milliuas uf 
■trolces or rerolutiotiB, and can be re-aet to the Btarting point in a few 
seconds, It is used fur Staliunury, Marine, and Locomotivo Enginies, 
and for all cIoaEeB of Machinery whore au acturiite regiatraticm of speed 
is required. It enables the manufacturer to ascertain the proper working 
of his Engine, and to contrast the speed from timi? to time. It is alio a 
check upon inattention, being a register of the work performed. 

PRICES. 

To Oouat up to Ton Thousand .£3 

„ ,. One Hundred Thousand 3 10 

„ OuftHtUiim 3 13 

„ Tf^n Million 10 



HOPKINSON'S IMPROVEMENTS 



IN 



STEAM BOILEKS. 



The foTegoing ninietration of a Steam BoIleF ahewa Bofeinsom's 
PateDt Spiral CircuIntiDg Pipes attached to the flue behind Che bridge, 
six to ten of which arc placed ia each Sue, accurdiag to the length of 
the Boiler 

Another ImprovemGnt ia Hopkinson &. Eidinc's method of etaying 
the flue* uid £uds of n St&am Boiler, snd providing for tho expaostoa 
Kid cantmctioD of the Sue, without iojur; to the Builer cads or the 
aagle iron§. In the lUitatratiou there is shewn four hoops or riags 
which encirde the flue ;. thesi! hoops or rings do not touch, nor arc they 
attiKh'ed t*.' the fiuc, exce^rt iy means of bults or rivets, which are set so 
tliiU there is a apaco betwixt the plate and hoop of nbout oue inch. This 
•pace uUows the water to have frc« contact with the whole of [he sur- 
fftOe^ Aitd prevents (U&t undue thicknead of metal cxpoa&d to the fire, so 
objectionable in flues stayed with T iron, The improved hoops or ring- 
stays can be put together either whole or in segnieuts, a.ud may be again 
raed fiir a Bcctmd Boiler. 

The staying of the ends is accomp![i«hcd by riveting & plate on tba 
inude of the ead plate of the sheLt, that pinto having slits or spaces fur 
erofts plates or hare, of such thickness and width as may bo deemed of 
6Uffi.(--ieut Btreugth to beat the preaaure hrought upon the ends of the 
Boiler. Bolts or rivets proceed through the end of the Boiler, and are 
drawn up against a collar ou the edge of the plates or bars across ths 
Boiler ends. These prerent the Boiler ends from buckliag or going out 
uf form. 

Another Improvement is the expansion joint, shewn in the back part 
of the flue, proviiled to allow for the eKpausion and contraction of tim flua 
— in the ordifiii^ construction bo very injuriona t* Boilecs, from tha 
sudden heating or cooling, and the various changes in pressure. There 
is a hoop to which the sides or co'pper Ranches are fixed, whii^h flimehes 
open or coinpresa oa requircfl. The bridge, as shewn with an inelLiied 
surface, ia so formed that the flame and gases may have a free and unob- 
structed passage into the flue. 

It is a serious mistake to make tho front of the bridge perpendicular, 
or at a light angle. An inclined surface not only olluwft a free 
passage, hut aJUun's the bright 6re to be pushed back npon the bridge 
whitst the furnace is being cleaned, and then dmwn back upon the Ixus. 

UorKiHsoN's Valve* is also shewn in elevation on the Boiitcr. Ho 
Boiler should he worked without thic valuable appendage. By its uk 
Boiler eiplMiona are tendered impoBsible. 

■ S** AdfertiMinenl. 




PATENT STAY PIPES 

FOK STRENGTHENING FLUE TUBES OF BOILERS, AND, 
INCREASING THEIK EVAPORATIVE POWER. 



The orjinary Oonush Boiler, with the funiaca in the flue tube, aud 
ytH\ the ate&>u-[ir$ssiiro on tbe outer diameter of that flae, is a form of 
nniBtnictioii wMcb, an cxperienca daDy t^atifies, is liable to diange^ and 
to become wraikiBr, according to time and the working-pieMure of tbo 
eteaoL This is parttculArlf tbe case vitb Corniah Boilors> where UiA 
Hum arc of large diameter. Many scriiiiis disastera from coUnpee b£T« 
uriBiiD from tlits cauat; nIoDC. 

The Patent Stay Pipes, of which illuBtrations are giren on the sacceeding 
pogta, (with the mode uf their application eitlier to uew Boilera, or W 
old Boilera at work), have been deviaed for the two-fold object of 
otrengtheniiig this, the wmilc(«t portion of the Oormah Boiler, and of 
greatly increaaiug the heiit-alianrbing etuface. The Patent Pipes wLen 
Applied act as a aories of piopE, or stays, a^inst the cnishiDg-ia tendencj 
of tho preiEure everted on the out«r diameter of tbo flue ; tiius enabling 
ft flue to resist offieiontty a much greater preasure than any flae of tho 
ordinal? conetructioiL could bear, without that ch&age of form whieh 
under ordinary circumatauces is constantly taking plaoe^while, as ^rill 
he Been at a glance, they odd In a very approciabli; dc^e to the eTapora- 
tive power of the Boiler, which in other words, meana additional BoUer- 
power, in quantity of steam generated. By the use of the Patent Tu' 
the working- jjreaBuro may be increased, if requircKl. 

Tho Patent Stay Pipiis may bo fixed iu any position, and in oanaiderablff 
numbers-each tube being so much of an addition to the former heat- 
abaurbing surfucfl. Tliey can be applied to old Boilora aa well aa to tew 
oneB. They are iixed with conical coUara into taper holes, and well Gtted 
with serewB and nuts on the outer-diameter of the Que, so that the lAttfir 
ia kept closely proBeed up to the pipes. "Wbea thus fiied, the whole 
flue and pipe.8 or props, together, are framed into one compact mas^ 
capable of losifltiug any pressuro that the outer shell of the Bo'ilej will 
BUatain. 

Another advantage arising from the application of the Pat^^nt Pi' 
is, that circuCalion oi tho water from the space underneath tliefluoia 
thereby secured. The Pipes take in their supply from tho bottom, and 
discharge tho highly^heated water at the top of the fine — thus tending to 
keep an even tenipcrature in the Boiler, and to prevent that uneven ezpan- 
aion which in the ordinary Boiler is known to be veij destructive. 
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SECTION OF FLUE 



PATENT STAY TUBES. 




ThE«e Stay Tubes add to the heiatiiig surface of the Sae, vbllo nt I 
aantB' time tliej giro increaeed strength — makiiig the CorniaK Bui 
Rpplicable for tfae purptisei or higher SCeum than hithert^hi^bl 
itVftUaUe with tbRt form of coDstruction. 



IMPORTANT INVENTION! 

STEAM BQIUB EXPIQSIDNS BENIEREIl imFDSSIfiLE. 



USSSBS. BOFKINSOH &. GO. '3 

NEW PATENT COMPOUND SAFETY VALVE 



cp- 



Ii truly vrhat iu name imjKtru— a 
iiuaD* of (afetj «n'i<rr »U the -tireuio- 
Btaneci wfaich ririiimiril}' pradiieu BuiUt 
EiplMinn*. TliU Salviy Vnlve cannot 
be tampeml nith duiing tbe worlting 
of ihe Boiler ; h !■ whoUjr oat of ibfl 
ieiie!i or controj of tiiote in divge i it 
eaorof h* »pighleii,e«eepi bj catering 
the Dailtr— nnd the vAlie poueuei 
tlic sieana of inBlnni dtrtecliun. It is 
free from all cnaipllGatiaD.'bcinf ronncd 
im thv iiiiiipleai pritidplci <if coattrii^ 
tidii. SpindleiiiJiiiidei. nibbing Barfnce^ 
■tid nlve fiic^i, wbicb an! liahle 10 
adhere^ on nil diafienaed niih in ihe 
Compound Sofclj Valve i iidc <aa iho 
fluei bMoiue bare of w4t«T, bj Duy 
mpam, whilsl the Boilpr i« at warJt. 

The aclicin of the S^ilkemnl Votve ii 
certniii. whcrveyer the ileum nttuiiiia 
higbei prtss-Hj^i tlmn tlie limjl fljid j 
Dud, wliBl is of more importasfe tban 
all e\ee. vji^nevrr the nal«r in Ibe' 
Buil«r dininielie) Iwlaw a certain Sied 
point, the Vjilie gjsi'a IJmclif nnd iiii- 
miitaknUe nu-utc. Should iliU watn'mg 
b* npglpctcd, the Val™ will iiifviinlily 
tfien af U" '.. - < lot off all the ileam, ditclinrpnp on itDiniint if 1.100111 

eqiuti to oil ocdiiiary bte.iiu \'}iUc pighc and a half inch«i in dinmelLT ; piemiliiie tlia 
Bttiln from hecoming ovpf-licnicd, tinJ rendering' the conlinurd working under iniii 
dnnf^roTiB fiivumBlAii^eB, Drn|KiAaibTe, and ex^ilobions a\»a impfMul^lt?^ 

Tht coiiK!qiu:rci.-> iiri^iii^ from didlioii-ni'^ of ivater, negligenci^, iimtlAittion, ign^niDce, 
and wilfitl mnlice. a» th^M-rnn- timii!^ ijiincded ngtiinaL 

Upwatdt of 3.00U art \u>w in ute in the jirincipol tirmn in Lniiraihire nnd Totktbim. 
The; are adopted hj UcrMnJeAlj't Ga*<ma]cnt,[indare lorftely cipartcd ta the Contiiieut. 

Dmp!CiB(*cv or Wjt<h. — "ThiB i> evidently the mnil frcijui^nt csi(*c oF Rzplcition* j 
mud it i> iniporiani in propidr mifh mnina of prcvrntinn i» will be fficctitv in eiat of 
negliBennc i>n Ihe pnrt nf the tlrenun. A S^ifety V.iliri' in cnnnnciion with a F1o«l,. J 
M alia* ihi? runpc of stfnm wliciiiever die water falla bclov ilin fixed limit, ii ihc beat 
prcTeiLli'e yet known. "^B^purt 0/ tie Ckk/ Itapeclvr 0/ lit Ameiaiiom far tht Prevm- 
iion of ShaJn ffuiler J^xftltjsiansM 

^p:K«»0 'WK.'Ml'^^r .^'»*'a» !• hi»bf ofTernl. and will hr iMid hj Ih* 
prvasrc of Elenm or ilthrlencj I'f W&Etr, jf Qltcd tbiJi Ihf ti>M fnleiit Cmnpountl {jafotr VaIvo* 

piOTldcd OQIj Ibfel tlLt iloUtT A[>«l«lFd VfOtl 11 •^•lll Id lU oldilnaij walking |>R«MH. 

J. HOPKIirsOir & Co., Efigin^ora, Britftuma. Wot-ka, Hudderqfleld. 

M 
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TKe Patent Compound Safety Valve is adopted hf 
Her MAJESTr's Goveenmekt, 

And fiy the QovanmaiU of France, Riuiia,GaTnang,Amtrtea,i i 

[t hat alto been adopted, ftffidn^f Mhtrty h\f 
The follouiinij Firmi and individual Manufiulurtrf, or 
Steam Enyines : — 



ANTWERP. 
MP. WiB. Wftwl 

ACCRINOTON. 

WaiMn Broihrra 

Heitn. HsrgreftTN »ai Co. 

Jbidm Bnltnugh 

John II indie 

R. Slid B. WHimi]»7 

Gnfton Bill] Ca, 

T. HargrmveB 

BmLiLlev. Ciu-icr, aaS Cih 

Hcj'B and Co. 

Mercer and Ca. 

Dcwlinrii and Shaw 

JilTDFI Htiidlc- 

Mr, JUoghlpn 

Brindlsanil Sim 

Swnin Rhsdri 

— Grini»fiaw 

tlirclle ami Btoikvn 

Jamvt Bai'Iow 

J. Bnd S. Grimshnw 

StcllroE DiidTii;ylor 

Penrttin niid Briggi 

Hnworib niid Co.. 

WilliniD ItoburU 

William Midgploy 

JnliiL Smith (EnfieldJ 

Mnrgiiits and (irMu 

Kippon and Burton 

ASFITON. 
Rfdrenm nnd Qa.rfeide 
Thnmn* K'l^)IJ aitd Son 
WliiltHkprnnd Hunt 
Mr. f. A. Frost 
N. Huwiu-J 
C/ruB Li-cii md Biothtrt 



ASHTUW— flaw hB—f. 

Mr. Stend 
JoKfi Cbftdwifk 
[.eytnnd ud Bcdfiiam 
Itflbert Lwi 
J. and J. Sicad 
A. 3^4 S. Andnw 
Jama* Seniih Bucklcj 
J. M-liituket 

ANNAN— JSnUMcL 

Mnntgomec? and Wuigh 

ALTON-C-tv CImJI>.} 

Klkrtia Rotirlie 

BLACKBURN. 

TRiit««i of Mr. V»lo. 

Pilkjngians 
UoKibynnd Co, 
JuMtih Eoctei 
nnpWDod and Co. 

Rtitrley nnd Rod^t 
LitFs*;' and Itadgtll 
Adam BultoDgb 
Bparrvw» 
Bnines Bud C41. 
H«nPT Smithiu 
H. W(Kid 

X^'illinm DiDkinwin 
Fielding and Jacktoa 
Lcwift Br4>tliel-« 
Firth Bnd Sturdy 
Uugd.'Lle ItrnilLer* and Co. 
Jabn Dusdale 
Willioiin Pikiiion 
HarriMD uid Sen* 



^V Lui of Firms unn<7 Uopkituont Patent Sa/tty Valve. ^^^M 




Bi'Hv— «<Mil£i<wt<. ^^^1 


^m 9«MM» Hill Co. 
^B S"? ^^**^ 

^H ITueiuid Mart 


LoTOX and Wnlkci ^^^H 


Opcnaluiv Drothcn ^^^H 


J. Optrihuw, Sou, Lnd Co. ^^^H 


Loid Brotben ^^^H 


^H nddinf and Hopirood 


TncT, Hodgton, and Mall ^^^| 


^H T. hrkbMm 


Thsnui H. LivcwT ^^^H 


H B.0i1cbrand 


WufaiLrton, uid llalker ^^^^| 


^m n. W. H. QnluiiL and d. 


G. Mnektoir ^^H 


^HBoUen Brothen 


John Whiuhmd ^^^H 


^HJdIiii Tuma and Co. 


Metm. Onuid; ^^^H 


^Hllnan. Datlnni 


Walker ud Co. ^^M 


^■J.. W. Pattrtwm 


F. Wyub<^ and Son ^^M 


^HL Sbaklrtdn 


Janiai Opcniluir ^^^H 


^HSnlm Robinson 


O. Wbikliead and Son ^^H 


^^9Caw>. Dicktnjon 


Itaiierwarili nod Bioak ^^^H 


^■XhviiiM jHid C». 


Fiik and Or?en ^^^H 


^blwmu Hntt 


TkomaB Pilkiiurtoii uni Son ^^^H 


^HMtftand DurhAin 


^^M 


^^^Hfant nnd Co. 


^^^^M 


^HHHbi t>atioa Had Co. 


BURNLEY. ^^H 


^^^hkUalrtml 






Hap-Hood and Soat ^^^^U 


^^nnHtsod Cd. 


Drindle UDd Sod> ^^^H 


^^mMrau Bolian itnd Co. 


J. ojid J. Seller* ^^^| 


^^ThMUMM, Bclihom 


RuJty ^^H 


Bank Top MtU Cmafanj 


Mnrdand nod Sonft ^^^^^| 




PiekeTing Bradicri ^^^H 


^bjinar and Fielding 


Stater ^^H 


^■Smlle and Co. 


Keigblsj and Wood ^^^H 


^|£hutt]eworib nnd Co. 


Ii«Dia« and Tonnal) ^^^H 


^HCopclaud Bjid Ci. 


Vi. iJalitcnd ^^H 


HBailan and Hall 


Uuin. Miuttj ^^^^B 


^1 John anil lletiry P«ldiag 


J. and J. Toldi ^^^| 


H Mewn. Qinwbinlot 


Utiiif Diion ^^^^1 


' Tisnuu SJiemiU 


BwniM and Co. ^^^H 


J. AadfT&oD 


Snitb iind WaiBQIi ^^^^^| 


Hiblwrl ,iiid Ca. 


J. nnd J. R&bcrtB ^^^^| 


Kaj- nnJ IVhaller 


Lomoj ^^^^1 


W. SiuJiclifrc 


Mr^ IfEirgn^nveB ^^^^H 


J. Mid W. IIal)iw(^l] 


Old Com Mill ^^H 


RailtaD acid S-ioni;* 


Uu-]iiif;aD<| Ti^dd ^^^H 


Foirtst aar] A hlwill 


Kjppot BmheM ^^^^1 


Den'hur^i and Kajs 


Coro'biiit nnd Sons ^^^H 


^^ Xl. Tliirail'?! and Co. 


VVIIliim llownrtli ^^^| 


^■CDrbridg? nnd CVjapei 


Uanson and Wood ^^^H 


■ Fitlier Su-r^fl Mill Co. 


tienrj- Kauwles luid ijun ^^^^| 


^r Williain and John YaIcb 


Jaha Kjrbf ^^^M 


■ yV. FnrrcM 


J> Bremand ^^^^| 


F 3. OrrciiiiTHiil and Soni 


J, Smallpiigc ^^^^H 


■ J. and W. IJnriisnn 


MeuTL Ainawnrib ^^^^| 


1 Ktdjoii Bri^iuLs 


Hunt BDiI Iifivcr ^^^H 


1 WillanandMniii 


Cliyjgar Cont Ca. ^^^H 


J FamlierloD and Co. 


OraliBDi Etnd Sh«plieid ^^^^| 


Whalley nnd Billinecon, MltIlIlfileCa^ 


Hwtnm and Co. ^^^H 


irg Co, 


H. Thoinp^an luiJ Sona ^^^H 


^ Riilitoa Virtoiin Coiion Spinnitie Co, 


George Kei^hlry ^^^M 


m 


BrsFuwull and tJrtffiiba ^^^H 


^L BURY. 


TIaonuu Vcei'?rH ^^^^U 




Oeoree Eaitwonit ^^^| 


^^HH Wrigl?^ and C«. 


Betty uulScin ^^H 


c 


Sutdiffo and Son ^^^M 



i«t./Fi^"^ 



H^—'^tr 



Mr OilV-"f" ^ 



Mm*"- "r^Iai 9009 
Ely '"^'^ 

Richard M" ^ 
Henry wliwn 



Liti of Firm vMn<j RopHnton't Potent Safety ValiK. 



MOTTRAM. 



Hmrj' Lcra 

MOSSLEY. 

R. H. Buckley 

F, Hovutd aai S^a 

Jithn Shnw 

FclM SIlEW 

MACCLESFIELD. 

June* Fielding 

J. And T. Brocklcbunt uitl Sou 

MA.IDSTONE. 

William Simpson 

MANSFIELD. 

W. IloUiuf and Co. 

NORTUOWRAM, 

v.. Midgliiy 

NEWLAY. 

Haigh and BiliingloD 

NOBWICH. 

D«1ani, Mftf^ay, nnd Co. 

N E WC ASTL&ON-TYN E. 

{{■.wtb-am anil Co. 
I. Thocupwa «ai Co. 

NEWCASTLE- UN DEH-LYNE. 
S, W. Dswmh 

NEWTON— ruMr WarriuijionJ. 
Wiilc^pifr Duid MoBon 

NEWTON HEATH, 
Dixcn uid Nighiingila 

NEWCHURCH. 

John Bnirroft 

George Ho wurih 

MAILSDEN. 
Tajrlor Bod lliTst 

OTLEY. 
Menu, aarnctt 

O VENDER 
Joifaua Appleyurd, Eug. 

OLDHAM. 

OrMTH Hcd Son 
Itndcliffe uid Son 
Wiu-Lurton ji,dJ Tfljldf 
HibbcrliandPlnlM 



It) H AX — mnlimiBi. 
Mr. BeCTonl 

JoDMIlDd Co. 

Mr. Clegg 

Janici Leciand &ma 

Jutepk Chgg 

Juoeph Siickiey 

Hichurd Shitrs 

Willinm Ta;1ar ood BtalW ^ 

J. Pritchatd nnd Soni 

S. Whitebend «nd C«. 

Buektej ktid ScfiLla 

OUMSKIRK. 

John Fairlmrtt uid Sou 
Moof Street Corn Mill 

OSSETT. 

LnacMhim Biid Yorkibirc Cottott Co. 
Jii0. EiiniBhB.v 

OPENSH.AW. 

J»hn OrwU and Co. 

PRESTON. 

Honwks, MiUec, and Ca. 
D, Afk-*Ti[[M 
SwaiiKun. IHrlcy.aiid Co. 
Smkh luid 51atec 
■yr. SinipMu 
NnpirraiidOoodiur 
R. Og^tn nnd C«. 
John SWph.tn»(m 
Jo«epb Cl«)'Ii>n 
Ooodaii'k ylaiGr.and Smilh 
John niid Thunmi Ooodai* 
O. Eaalham 
Jflhn Maynnrd 
Jet per Bnitlier» 
Whiivrorlhand ftiriPIt 
O. Wtittlo 

Jnmca Parkee 
Simon nand 
Roben Uind 

PENISTONfi. 

O. md W. WnilM 

PADIHAM. 

WbWoti nnd Ctirrhun 

Knowle-i Slid Pni^ltworlK 
R^nd Building Co. 

PATRICROFT. 

Nn^nnEth and Co. 
Otvnldtwiaile Cammerdol Co. 

PEMBERTON. 
RopfT, L«7liLnd,^nd Miindan 



^H Litt a^ Firm* amn^ Hopkiimn't Patml Sa/tty Valo*. ^^^H 


^H RAMS BOTTOM. 


9h nrraM.D— eonUnat, ^^^^H 


^^BlbaurWlom and Co. 


FaricBT and Cu. ^^^^^^M 


^^^■Attni Sroihen 


Crawlp; and Co. ^^^^H 


^^IhBiU Bi*U)<™, and A tailia 


John ChaiEM and Son* ^^^^^H 
briubnok and Allcar^ ^^^^H 


^B nOCHDALS. 


TniBwall and Co. ^^^^H 


^^^^^ A«l^vort}i 


Jdo. B[T>n'n And Co. ^^^^^^^M 


^KkhoiJ WailcM 


S. Butcher ^^^^H 


^^E snd D. Ilowanb 


Crvokoi, Kabul* niiid Co. ^^^^^| 


^^^VaoliuT Brovhrn 


Shniuidgc, Howst luid Cd> ^^^^^H 


^^^BMletDD Print Wuilkt 


Spear and Ja^Mn ^^^^^| 


^^^Hwmai Brockia 
^^E- Ehick worth 


STANNlHGLBY. ^^^| 


^B RETF0R1>— f.Votfi^. 


JrMopK BulUr Diid Saii«. ^^^^^H 


^^K H. \VBddiiij;tao 


ST ALE Y- BRIDGE. ^^^H 




Hiirrtion uni Soii» ^^^^^^M 


^H RASTHICK. 


Sidebotlu-Di Broilici* ^^^^^H 


^^^E- Biiliii* 


Bniler RrnLIien ^^^^^H 


^■L aod J. Walker 


I3a)-1«j snij Ijani ^^^^^H 


^B RAIiCLlFFi; QHtDoe. 


Hugh Shav ^^^^^^1 
Adibead Brallicri ^^^^^H 


^^^■lUiaa Allen 


Adaheid Co. ^^^^^H 




Jainn Hall wid Son ^^^^^| 


^^B ROTTON. 


Albprt Hall ^^^H 


^^^P. WhiEtekor and Sona 


Johnion and Co. ^^^^^^B 


^^^■otiii Buvklcy 


Chudwick ^^^^^H 


^^Btdin HuldcQ and Co, 


Stolej-bridge Mill Co. ^^^^H 




11 . Jgkamoi and Sons ^^^^^| 


^H BIPP0NDE14. 






^^^^1 


^^BSlMa CoUou Cammurcin! Co. 






Har^THkvcH DTaihen ^^^^^M 


^H RAWTENSTALL. 


STOCKPORT. ^^^1 


^H>. H. Whit«h(«a Mi Cc. 


H. Hanvin ^^^^^M 


^^^TDlritl, Fro., and Acatin. 


Ksiihair, Leai, and Co. ^^^^^^M 


1 Joarpb VV'omI WLit«tiead 


MarahBll and San.) ^^^^^| 


^K RriTHKHIiAM. 


C. and T. Bnile^ ^^^^H 

C. Howard and Co. ^^^^^H 


^^^H. nd J, HabfiTilkun and Hoarn 


^^^^H 


^■fcmnel Beafe 


Cbeadlp Print Worka ^^^^H 


^^Pauut and Chtiinu 


R. and D. Sbvplvy [MnTe<1«] ^^^^1 


^^■WiHiam WiddiMii 


G. Andrev and Soni ^^^^^| 


1 MeMn. YHlei 


^harplei .ind Co. {Uiiriilr] ^^M 


1 "n'tlliun Corbett 


Jdo. Walthew ^^M 


1 P'nj, Smith ajid Co. 


SOWERBY-BBtDQE. ^^H 


ThoDina Nicbfill ^^^^H 


^H SWINTON. 


TtlniDita M'>rl«f ^^^^^H 




Thnmnn Fitldini ^^^^^^^H 


^^^Buuel Baikar and San 


J. Wood niid ^^^^^^^H 


^^M SELBY. 


.Jmnet Croulej ^^^^^^^^ 




Mi^Bsn. ndwardi ^^^^^^H 


^^B^il]iain Livcnt'd.ge 


W. uid H. Rnvinii ^^^^^H 


^H SHEFFIELD. 


Thivnitfs nnd Co. ^^^^^H 


^^BW. TT. Rtonn 


— Nirh"!! ^^^M 


^^Hyartur, VickiTs. ami Qir. 


Jntncs Cluf flind Sona ^^H 


^^^^enry HooIp mid. Co, 


SliefhenI, WhttcUj', ntid Blnekbitm ^^^^M 


^^VThnmai b'irt)i and Sou 


Juiii«« OnrcnwDoit g^^^^^H 


^■Vnilod Ou Cu. 


Siiwcrby-liiii));^ Flour Soc'ict; ^^^^^H 


^^^Ra'onoij, SiuiDiuiii, aa-i Wiinl 


Uorlc}' niiU Soaa ^^^^^H 


^^■^ 


_^J 




LUt 0/ Firm uWny Ilopkinim'i Patmt Sa/efy Vatfe. 



STA INLAND. 

John SHuw ""d Som 
MMUf anU Sail 

^kei nnd Sum 

8TOBT0N. 
Tlopiroad and J^on 

SfCtPTON. 

Thanuu Floleher 
Bull and Purkcr 
ShockEock nnd Sdm 
jamn Hartley 
Willmm Piiil« 

STACKSTEADS. 

N BW Bncnp itni Wardlo CMDiii«rciii] Cfc 

SETTLG. 

ThoTDBi Proclor 

I.Dvi Towkr [BuitoD la LeiudsU] 

TODMOIIDEN. 

LncJ lipoihpf* 
Brown itnJ SCend 
Liicy Brothers 
John Buckley 
FialdiDg DrotbEra 
Barker and ShackletDn 
Jnnii* Ibirbra' snd Sana 
Joha CallingB and Co- 
lt. Mills 
Barker ani] Sutcliri 



■^ PicklM 
taw niiJ Diiwsoti 
alifjiliclJ Li'id OwUliB" 
AiliimiiJ Uatker 

— Miltlirl! 

John Helliwtll ^ 

Hfop, A»h.«arvli, nnd Fieldro 
Todmotden Ofti Workt 
Bc<J [£iaii nnd Co. 
\V. Hon*«h 

— Fii-Uen . __ 
TadiDordrnaiid Comlioline Botbio Oo. 
SuIcliffFsnd SoDi 

Horslwld nni) Stt-ph*nKra 
Gremwond, Nl'WhII. ind Suteliffi 

(Wiitiden) 
Todmordpn I'loitr Co, 
Lion, or Mr. Buuemley [W'« 

WIIALLKY. 

TI19IDWX' "n^ Son 

WIGAS. 

Hldfti FovnJrr Co. 

Wiillrj.Thomiwn, and BurMt 
Tnylorand Brother* 
lac« Hill Co^rjF Co. 

WEDNESDUaV. 

Whitriioiuc tnd Co. 

WABRINOTON. 

Smiib and nmighton 
Jolin NcedhuiQ 



TESTIMONIALS 



niU/rwiiiw THtlmonlml* tn tha eaclner at Bopkliunn''a Tstsnt eompoiuul OuAtr 
V«Jvu an laJACtHl tnia niJw&Mi ot XbJtb i.^a.tt*a \tVUww. ncalvsd Cram tti* 
chiar owiMn. or Workan ol Stoam Botlsn, In XumahlM. StnkiliJi*. uiA other 
OooDClea. 

SHEARD & SONS, Batley. 

" Wt hare fiva of your Sifelf Valv«L Tho Gnl »ai puI od about Iventj imnithl 
■iacb Wfi beliere if not ni^ddiedi with, lliej will net vfII, and lecurc perfect lolctr. 
On? of aun wan ceiUinlf iLu nieasi «f u'viding an ciplgtion, Ijj blowing oS thti iicqid 
when th« Wktci gol loo luw." 

T. TUXSTALL, Burnley, 

" Weharehad your VbItci at work far abom iliree y^ari, during' which Umo they 
lin»e giren u> erejy laiitraclion. We Wlieve them to be tbc best Vulvas nl pre*cnt out, 
and :hoir uiiciu nliDoil u ccraU u dcoiih. We know no iasUuice ia wbich ami Iut* 
failed to blow off [uf *iUier iueraue of pr»>ure or Iftw w»ler," 

REDFERN & ClAHSLDE, ABhton-under-Ljne. 

** We b>VE moeh jrlaisurB in ItiLifjing la tba efGcacy of tbe Safety Vljccs. W« bavA 
Bl prcictil in UM two of xhtv Valrei oii two (iO-iiorMi Boilcri at 60tt>» annvrr, ibougb 
vfiginaUy we worked ilicni nt Stitba. Tlic Vultct bare bern at wt«k fat eigbl \ean i 
•nd our Engineer, »mc six luoiitlis ngnjOindc tfce eiperimeitt with biiro flu?«] full fires, 
with w.itcr going in nl 100 dc^eo-i^ nrjil fouijil it impasiiljte to m&lco mora it«:tni tbiui 
ihv VaIved would airrf awny. "We Ibink tliooi tbu tii^l Valiei out, and think it iiii|io»- 
tills for uf Boiler Co burst with tbem on." 

DEWKURST & SHAW, Accrington. 

"The Valvei bnve b»n tizei] on out Boilt^n live f enri, and faave beeu found very Effi- 
cient. The hav« aaved us twice from ciplmioiL fpom dufiiioDcy of wat«r. W« cto 
lecamueud thu V'alveg witb conlidciice la all pcruns wiahiog lo place ibtk Boiler* ate." 

JNO. CEOSSLEY & SONS, Halifax. 

"We have uieJ j-onr Puienl Biif*!)- Valvei for (he )nit *iEhl or lut^e yesri, nnd W9 
havt Ht j3fe«*ni 2T of ihem npplisil in nur U'orlin. They havt nnswLTed ih^ir puFpoio 
better ilmn ajiything we hate tried befate, and we rocomiticod Ihcia a* the iLiciI CDJJiri- 
(BQce wc know oL,' 

JAMES BAKLOW, Accrington. 

»I ani pctCrelty tAiiifi'^ wiib Iho working' of your Valve. Indeed, I vonld n-st t* 
intboat it fiit teu time* tie monpf . Thraughout Ibo giB-Mtl pott if Lojiuuilita: it U 
adopted, niid consiilerad perit'cl for its purj»ie." 

F. A. FKOST, Aabtou-Tiuder-Lyne. 

" I pWed one a( your Viilvcs Oti A ncW ItoUcr, H<rflt ycau« (iga. It ii Very cctiBltlrr 
in it* sclian. n.nd not linhie to ^tt out of order, at. h proved by the fiict ttiai niino ba* 
nrver bei>ii «Unned oi odjuited mice 1 bii<l it. I coniider iL Che be>t Vnlic 1 bive eier 
tern. Some ycnri ago, when nty bruiheis Kitn it, ibey remofdl all ibeirold Safatj 
Valrca, uid ^iluccd aaa of youn au «iich Dotlcr.'' 



AttHMOmaJV. 

IIARGBE4\'E8 * Co., Aeorinfitou. 

" M'c brg Im «y tbot ve harf lii Inr^ Bnilrn, wicli of «liiEh u dnrd rich bud «{ 
tinpkiiuon'i Sa.ruij VBlrFi, wblcb we vuiuidor tiic Ivit in. rziitpuce, auil wiiich w»K«aid 
nut he wJiliuvi «i\ uij roniijeialiiin. We aie canriuciHi dial if tiny were in genanl ua*, 
tlie nuaibci of nocideuta bvat Boiler eziiluiUiiii would tw radiuctl to a mentr nonioal 

W. ROBERTS, Accriugtoo. 

" 1 hsTe iried jouf VaItc MTenl cin-n t«r OTcr-pi«MQ» d( •Wkm. 1 hst-e aJn W 
tlie IMICF rtrf Itm in itift B(itl«r. Th« efSdeiwy of lb* Vali«« in kit the ca*n wu aheum 
bj ihtf HOipr of JmiDcnw vnlumei iif ■[vam, aniil ire got the tleam ui th? piDp^ pM»- 
•UK, oiT ^t tbe water to iu tighx Itvpl. Th^n the Valve wu ag&in :jQilc cloJw." 

J. a BUCKLEV, Aflhton-under-Lyne, 

'* Your V»3"»BiM-weT»eifPwlinjly wpII, and pTtn us every atitfiictinn. Il ii a 6nt- 
nte Chinp, and, in snj MtliuoCitin, canjiut be iura^p«d I hJivc beard it pntbod hf mgaj 
Eugiaccn." 

E. RODGETT & Co., Blackbiira. 

" W# hriTc grcnt ^ilMuurc in ilatmg Itinl jniir Vul>«i hare giita at e->vrj wilirftfliiwi. 

The; blow off with Mruiotj, cllhn Cot tow water or high ilaun. Thcj cmnol be taio- 
pcrrd with by ihe En^inFiuHii ; imd in iwodmcud. thna to all awn«n «( Boilcra m iko 
mull ctRcieul VnJiK yet iiittcKJucMl." 

8HUTTLEWOKTH A Co,, Elftckbuni. 

*' llopkinMn's Safely Valve inm m ibc greatMt uitit&ciaDD. lu effliwy baa baM 

firoTcd DQ Toriuiu occmioDs. within the but uLiir moniiii, and in cncb oue gavo proof «l 
la «ror[h — it ia the oi^j VbU« bI pre*eiit lcno"ra to oi iliat v« ah*U iu«." 

FORREST & Co., Bkcktiim. 

*< Wa eoniider HapViiison"! Compound Snfbif Vahe to b« the beitanrt uilnst Uial eui 
be applied. Wo Imvo had four worisiiig since 11153. Thej- an? neirft oirt of order ; and 
ntioT being oncf? set, csDiiat httampitred with during tbc wnrkinK of lb« Ihtiler, eitlicT b^ 
(HIT i^ii^mnn c»r any otLtfr porfrnn. Wo tklinolil ntm:r thii^k of vrorbiitg n ]ii>iier without 
one. We canronliilenll^ reciimnpiiJ tbvm. We started nor Boilen at Ifttti [>r«a»uH, 
liiit nitfa 3ion> miurhiiioTv on, wv are now working at ISttu prenuTe, nnj ihev onawer 
qailOM nil at the higher prpinura ai ni (he lower/ 

CHARLES SWIFT & C<.., BJnckbura. 

" Daring the time tbe V^vci h«ve bwn iq uw, 'iit : rifjbt ur nine ynm, I Imtc aai 
honnl of a nogle cncnplnint." ^" 

BRACEWELI^ BROTHERS, Eitrliy, near Sldptoa. 

" Iloiikinion't V'mIioi we caaMer to be tbebnl jel brought out — Bimpleiuid cITpTtii 
Somt ai oara hain b<.¥ii wncking Toi r«an." 

HILL & SONS, VicturiaBoUorWortH, nejwood 

*• We hiiTC filled yoii( Vnl»ic lo a iiTge ournljdF of BDilet* in varioiii pwt* of tKc i 
tiy. Wc haw a very good n pinion of it, and think it thp Iwit SoTi'ty ViiIto Ih\l hut 

brought under our noljw." 

ANDERTON & SON, Cleckbeaton. 

** We bnTe Lad Hopkin*oii'» Safctj Valve in ojxnlion ht iome y*af» — nsy lltno i 
ftinr. We bfiliope thni no Valfc ran iiirpaai it for efficacy. It hai vcfi-i liwii oni of 
wnrkisg order, sud alwnyi mdicatet danger. We coanal im how it i» poMilili; fji' it not 

10 l«Ll WOlh" ~ 



Tfttimonuifi, 
BARNES & FIELDING. Burnley. 

*• W« dpplied fonT of jour VbIto» abonl *!l jrair* «go, Biid rue h1i"J 'O •"S' '^*? I*' 
V«>j eomctlf. ThcT ^ve u eT«rf tntiibiolian, uid vc can ncmDmrnd them in pre- 
Cennw M «nf ethu.'" 

JAMES & Co., HnlL _ 

" Ie U twn jMn lince we applied jour Volri^ dnrlng wTiicli lime wb hare nliraja 
(inuul dicra lA wock etiiclenllj'. We, tliervfnrc, anw have full cvii5d?Dcv is lliom.'' 

C. WOOD, Brinacnll, new ClKirley. 

** Wa bk*e bAd HopkiniHn'i Stfetf Voire lor the laaC uv«n yoan an a big)i-pT4«agTe 
Boiler (fill fts), and hara ilwqr* fixind it oinocl— blowing «(r ike tnocaatt tha water wu 
lor, or whea the preiaun exccedeii ibe llxed IbiiL" 

SLATER & Co., Carlifile. 

"After tha ecperienK of fbamnd^a-luilf jean, va consider th« Valve* to bo mMt 
eiodlrnl and irattworlhy. Tbeir workiog bai nprer giicn ai Uie li;asl tronlila," 

JAJIES EUREOW, Brighouse. 

■* 1 lure for the lut eigkt ^cnra Im'ti Uttng OUe of Uoplunian'* Compound Safety 
V«|vei for tn<r Ikiiler, and during the whole of that timu it luu never niiised Acting. Jt 
it aa woru now thao it wu the lint d&f in wu pat on." 

WALTER EVANS & Co., Derby. 

"Tbe VbItm nj>p«nr to bo v«r]r cBicociouL Tlicj cllaw of iiiu eicvpe of •tesm iinme- 
dUtel; the preticiTE liccnmei too liigh., or tlie wiilc^r !• ulluwcd id giL tuu lirw in ibc 
Boilw." 

A. MIDGLEV, AccringtoB. 

" I can tpmk with tlic grcnteil coiiBdpnce of tlopkii^iraa'a Pilcnt Sntet; Vaire, notNi 
mnEh {ram my unn cxpericnca of it, ai I have only linxl it i:n use about livelrf moudti, 
Itmt from tb-D ^]tpi;rii.^acfi of o then of my acq^tintAncc w3io faa'vc h^id it in uhc iv>r a iHucll 
Imgpr time. So fjir ni I hATccvcr henrd from a larg'e circle of acq iui:Llanc«, 1 have ntr-er 
yet heafd an objection raiwil to it by lujy nnc. That Mirs n (^rcnl deal for il, as lev 
inicncicmi, haverargood, but will findoni- 'i>r aniDther iBiiinii pimi' kind of cilijociion. 1 
bclure it impoidble, by kny ordinary meana, to Lurat a Boik r having lliia Valve en." 

JOHN HINDLE, Accringtan. 

" I haTc hail oni; of HopLiD»nn'> Sulfite Valves at Wrtrk foi taiit OF fife Vrati, and it 
vroriii w«ll. It has tod da RpaJrs, nor given, any naubl», bat tMini lo ariin'u aa wM 
n» at finu" 

BROADLEY, CARTER & Co., Accrington. 

"TliB line Valre w« had hai been workfd aii jcara^-tlii! necnad. four y«ira>— and th» 
Ihiicd, pigViti^n moDtihi, Up to Ibe pn»«nl time thef hnrc never been nut of norking 
order. Wc we very well ratiificd with them." 

LEWIS BROTHERS, Blackburn. 

I^Wo axt quite Mliified with, tha Valvot Thuy allow the' ilenm to eiaipe when the 
V ii ihoit of wntcr, mid when, the preseun: of ihu iteoru a too great. Tliey perloriD 
■dulyefficifjillj." 

GOODAIB, SLATER, & SUITE, Prefltou. 

" Wo would not ivow likn to bo wiihoui the Viil»««, a« wt can«iii«r them the be»1 
proieclion agmnal dninnge ihroogb untcily, or lowncGt, -of voter, over inv«nied," 




J. A & GEIMSHAW, Aoxi^twL 
JOBS BAT5E3, 




WHireHSAD & S053, GmnfieU, 

tl ml •■ -' 'l -' WW. Am -.mm m Un tW nckk^ 
i/ *^ 

BBIXDLE & SOS, AeaiM^Um. 

' tr« ikM tkn H nM k bUB- V>l<c oA- 

BAREEB & SONS, Bkbp. 

"Ovropbiwa b. llsl Ik TJ** ti • |wJ «de, M'e kart^f&d •ersal.ud &<■ M 

vr. & H. F03TEE, Bingler 

hil in the fffMM foe whid ifc^ aR Allied." 

H & D. UOWABTH, Bochdalc. 
■ Wt bsTt applied IlopViMm't C«n|»vi>d SnUij Vain to BMriff ^ ike 

Dtdo* *« hai* uaJe tar IM lot Um jcon. We bate iutuiafalj- Imm iW VJtm to 

MMvir wdl, atui (■** MHii* uifaitrtMn u Uu uem.'* 

a & W. WAITES, Peniatone. 

* ShsoU wtt bsM DUCe VaEfM to ftl, vt ab««U nae HopkioaoB'* id jaifiiiin to asj 
•tlMr." 

WALEEA & LOUAX, Skuy. ~ 

" We tUok joan tlu tiea SaTci; \'',iIt« iu use." 

WBITTAEER & SONS, HaslJngdeii, near Itbncliester. 

■* Wt conuda jeun Uic be*l Salet; Valie ve hsTe •mh," 

HAWOKTH BROTHEKS, Bacap. 

*■ We uird jont Valte id i«o or ihrw IVi1cr» firat, and likfil th^ni to b-bU that \ 
hif • acplinl ihcm t> all. V<c contidrr tlic Valvca in bv tflidcnkaiid a (rrmi acmritj', in 
{MvcnltBg (iplcwiaiu aad wxidfiiti. There u reiy titde IfOuUt WUL Uitm,* 



TnlimoniaU. 
FROST 8i SONS, Chenter 

'^'Dk Vwliv* h»it (E>TCD HI ;vcr5 )<iti>faciioii. Wc have Lad iticm at woik nboul 
t JWH, ud linvt never hi.J as; ttuuUe wiih llwcn." 

K AKROWSMITH & Co., Gilnow HiHa. 

"ThrKof rani VolTetiuive beta in troik upwudi of four yv^in uid hato gitui ui 

■ottiaGictioD,'' 

BELL & PABKEKS, Enstty, near Skipton. 

" \Vt eon itiongljr moiuracadi the Vd1v« (d q]] pOTt-ii?' luing ateutv-paweri'' 

CRAVEN & Co., BrailfOTcL 

" VTt arc etee^diDglj' E&tisSed viiii the Viirt, and Itunk tbiK can be no doubl i* le 
iu great (olui." 

PLATT BROTHERS, OliUuim, 

" We bflicve jonn tci be a good Vnlre iu ail KBpo«U, and it neeU with gcncml 
amunuila uod , " 

HOPWOOD & SON, Bnrniry. 

" We IiBte three of Ili)!ikiiiion'& Vnlvei at work here for lix or «e*en jenpi. We 
luiTC found them quiic truMwonlijt.' 

BRACEWELL & GllIFFITH, Burnley. 

*' We hnre mppli^d lr> our cnatoincn a great innnj of Hapkiaun''* ValriM, Iiecouu 
%* IIudIc they are the beii ouL" 

H, & E. RAWLINSON, Biiniley. 

*' We hare not lad Ihc least troulale with ihc Vnit™ linte ttcj commenced, Th*j 
■iiiwer their parpUK: eacecdbgty well — la out pcrirct lalitliutiDa.^* 

WARBUBTON 5: Co., Buiy. 

" Wb have had there of the Safely Valves litted, whieh hnre been in uie for th« lut 
uk jean. I'licrc i« no Eivublc attendiiig ihciB. In £Mt Ihcj «n wnaidEml hy lu u 

flnt-dtu* Valves." 

ABBOTT & FORREST. Bluckburn. 
■• W« Snd the Valve* W *t)«wer all the porpoies fftc whith they ue JnCesdad." 

TAYLOR BROTHERS, Shnw, near Oldham, 

" We got ibc first oi Ll-apkinton'e Valiei in 1 1153, itnd wcra titv noflti eotiTinoed of 
iti lafvlj anil FfFlLicncy— to much w, llint wc biii nil i)ic DDilrrn wc hive litlei]-up with 
lboni,.and would mil: cxchnnsc ihffm fur ary oiIiccb ilial wc hnv* tien." 

PILKIWGTON & SON, Bury. 

* We coniider jouri to beancof llic moat perfect Valvei in utc,'' 

MONTGOMERY & WAUOH, Anuan. 

" W« (Ml niihesilotlnplj- voikU fnr llie clHcacj of jfnur VdItc a* w* bars faand it to 
U W in evtry teipect." 

HINDLE BROTHERS, Accriugton. 
"The Vakealutve *lHra).'ii. norited in a highly latfifuclorj nanoer." 



Te$timoniaf4. 
MILNER & SOVYKKBY, Halifax 

" W* termier tb« Valv* to b« f^ail to nil thAi Mr. IlopkinBan itsln tt «ill d«. Vt 
■*c enquiwd of ear Es^niMt hi* opinion, itsJ he tUtiM. that tberv U no ottiet Vilit 
■lul 10 il, to hii knowlMjc ; and he bu heard ornnocciileDt wticn thue Talnttn is 



JOHN EARCROFT, Eb*, BceBendale. 

■* I han hid eat of tta\Aiaaaa'* Vtlttt altnched lo mjr Ballet Kbaiit two jMit, ud 
con recmnmeitd it Tor nic'ly, u bring Ibe but Va\re innie. 1 h«T« wmi a gnat mnf , 
Valm, tiut nono lo Kocid oa Ha|iliin«»n'L I ilinili thjil il ii impoadUc for a Boiler 1*1 
eaplode villi otic uf tL«c VaIycb uii. ciiLft ffuiii (iTtT-iitetflin. or Itoid being liUct if 1 

U. W. H. GRAHAM, Esa, MiU Hill, near Blackbum. 

" 1 ha«o UBsi HopkinwHi'* SafTlj" Viilve« for fuur jenn. Tbej hoTe gi^m i 
■atUIiietiaa. Had I n huoiin^d Boiler*, I would upply atie tu Mu.-ti. 1 belicTe Di>(liill|r| 
oui be foianil to aurpau, if anrlliin^ lo ntuol Ihcn, 1 have ln» In lue on 10-b 
BoUonk My Korki, on mart ofconoTu iImd one. wben ihc Bi^Un wera ibon of 
ivn btea lupiwd by tb-c Bctiau gf ibfiae VoItm,.' 

R THOaiPSON & SONS, Whallej. 

" Two of jtnt Valfci hnve bn^n nt vrork ibnui Kvrn venn. and t]|# oihcf a» abaiit 
> jTHU'-wid-A-haU— 4rd wh olwaTi fiiiiDd liiamto' woik coireclljr. Id bet, wc would 
hafu e Boiler workiog withoul uichl.'* 



TOWNSEND & SON, Coventry. 



" Wt bars had fanr of your Valrea in wnrk for the hlil *ix M MVMi JNMc, doKoK 
vrbich time iioi one nf tliem hot been alii of ordrr, oi ivquircii nnj* iitLFnlion. Thtr 
aiamuT sclmimfaij, and wo con ilrDiijjIy n-oinime'iid thcni." 

J. HOLROYD, Es*. Frome. 

" If I xrere to bave twenty Boilfra. I would hav« one of your Valvr-i nn each, ft 
mfc and liopla -, nnd tbe Stoker cannot iHmper with it, I hare ruion lo be thankful^ 
hnil "lie va cuy UoiUr. I ran wjth CDiilidenK ncoiniiiciid (be anidi;." 

HENRY LEES, E&y„ Hodfidd, near Mauchratcr. 

■' We hftvs liadoDO of ynurVnlves in rorisoint n'ork tince June, 1856, oiid harefivni 
it III nork nitinlncloiily, indicating hi^h iu>d Inu- ivmpr,i>» wril at cKm uf ■tram. We 
I'mibidBi (kc Valru, -wliiMi properly fixed anil udjuaUd, to be ae IruBlworlhy At niiy Val' 
we know of, '' 



h*i^^ 



TODD & EIGGINBOTTOM, Ghagov. 



** We hare bnd Iloiikiiiea'n'ii 5afcl;f VaItcs ivnrking iii>oD iive of out ^ilon, for lix 
wv(>n ysur*, and wf have mccc npplirf ihe V«tlv* (e tno or tbree other Dnilcit. tt'* 
h;ire (very rwiaan IftipMik well af the effettiTenM* of the ViWe. IVhau. piopcrlj ki 
nrid nrmnged, it never liidli to act, boih ot an indicator of too high nreaiuK in thr 
rii'ilvT and af a drficicncy of wnMi. We thoijid nal like to hu niilnOTit il on any- ofeiir 
Bnilen." 

HOLDEN & Co., Bolton. 

" We ur* ijuiip wliificJ with tlie Vnlve ill vvc; Fc"pecl, It is effisient, giiving ion 
notice of BitliMn »horl supply of wnier or toogrtslo prmtuic of itouii. It i> niurB |_ 
likely WD kLiill put down in additional Boiler, and ahill certoinJjr hove one of ja 
V*lvtu affiaod." 



I 



WAKU ft U»., Leeds. 

' Wa ha*e atmitri found iha Valve u> net well. Isdeed w* nroulJ not Iw wtihout It, 

believe it reii>J^mliF liDgint-drivei more cauciouii, gifing a* il dam, inun^diata 

n,. if the itenui is lao high or tlio wstei mo low." 

THOMAS COPELAND, Esq., Blackbiun. 
'Hapkinioii\Cam|»UBdS^alj VtlveiiMULdund thabert SuJet^ Va]r« iMllaia in 

SAGEE & FIELDING, Blackbiini. 
'_ We think the VaJve a ^ni-cliMt invenuon, wiih regard co nieljr." 

JOHN BA^^STER, Esq., BuniJey. 

>I eu) witb csnfidaieft, alter one yeu and el-even month* eipenenee, ncomnend 
to^UDwn'a Safety Valve. It la in reality a* good tn CTeiy napect u Mr. UojiSunua 
rrpiCMnb it M bc^" 

J. D. HEWSON & Co., CarliBle. 
I * We lire infonned thi'j'BK th$ biitl Safety Vol ruin line.'' 

LITTLE, LEACH & Co., Leeda. 

■* Wc are no-w replacing our old Low-prMinre Boilin with new High-preKure onei, 
vliich wo «!>Do1J not rDnt.lil«r coraiilptc niibqnt vnc at HopkioMn's Vnlvps. TTicbic 
ValrcA nrf % protection ayaintt ioa high stnam neid t(>^ Iav WJ^t«ff and mnn'^t be tam-- 
pered wlih nhilit Ihv Boili^r is working. We may ndd, ihsi »nce yre linvfi hnd then, 
weluive felt nunelira almoiii lauJly inturrd aaain»t iccidcnL From their eitreme Bin- 
ptid^, we do aol »et that the; cin get out of onler." 

H, HOOLE & Co., Sheffield. 

■* We liB?« bad joar Valre in uh fur about feren jeai*. It b«U well, and hai lisd 
nothing done ta it usee- it waa affiled." 

DARLING & SELLERS, KeigUey. 

" We can CMifidenily rrcoinmend thu Softty VnWe. Wt linre tried It Mieml lisav* — 
Ivttlng the wiite!- eel tao low-, flfid faund il to nntwer tli* piifpnt* itaUd. In (■very olhrr 
thinBit niKiver* the tame purpoic u od oTdinorry Safely Vnlve,— with thii advoningo, it 
cannot be tampered wiili." 

JOHN WATSON, Esq., Burnley. 

" ISj PifelAiU] hu neror foiind sQJ'tliiilg WCOlig wltli }-nur Valv« (in« it wiu Crit 

applied, fire yetr*. ego. Il nppean to aiLiwBE evurj purpoao (or wliidi a Solely Vain ii 
ticcetaiy.~' 

DELANI, MAGNEY & Go., ffcnriflli. 

"We can confidcQil; reconimDad your Valvti. Tbcranver; limple, and cannot bo 
iBiajKred wiih.*' 

T. WOOLER & BROTHERS, Blue Hts. 

" We cnnaider the VplTeH tn be perfectly cffrctnal, eitbor in nuoofihortDfiHiOt wsCBtot 
loo higli prceEun." 

JOSEPH HALL, FailBwortli. 

" We hnite hcen uiing the Vatvei for icron ycon, and lind chrn) everylliing we ihoiild 
wiali for. In fiicl, the expcQK upgu tham (or tliE time above Btated on Konely be put 
dowontde ibilliiigt." 



